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PREFACE TO SECOND EDITION. 



In this second edition, tlie results of last year's earnest 
work have been embodied. The efforts of Bacteriologists, 
since Koch's tuberculin announcement, have been directed 
to the elaboration of therapeutic agents from the chemical 
products of Bacteria. Physiological chemistry can accom- 
plish more here than Bacteriology. The separation from 
the blood of Antitoxines, and their application to the cure of 
disease, will probably revolutionize our present method of 
treatment, and add some peculiar agents to our Materia 
Medica. The question of immunity is still unanswered, 
though the Phagocytic theory of Metschnikoff and the 
Alexines of Buchner are bringing us to the solution. Upon 
these lines the greatest efforts are at present being made. 

We are very grateful to all those who have taken notice 
of our little effort, and we hope to merit a continuance of 
their regard. 

The way in which the first edition was received assured 
us of its success. 

M. V. B. 
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PREFACE TO FIRST EDITION. 



Feeling the need of a Compendium on the subject of 
this work, it has been our aim to produce a concise treatise 
upon the Practical Bacteriology of to-day^ chiefly for the 
medical student, which he may use in his laboratory. 

It is the result of experience gained in the Laboratory 
of the Hygienical Institute, Berlin, under the guidance of 
Koch and Frankel; and of information gathered from the 
original works of other German, as well as of French, 
bacteriologists. 

Theory and obsolete methods have been slightly touched 
upon. The scope of the work, and want of space, forbade 
adequate consideration of them. The exact measurements 
of bacteria have not been given. The same bacterium 
varies often much in size, owing to diflFerences in the media, 
staining, etc. 

We have received special help from the following books, 
which we recommend to students for further reference : — 

Mac£: Traitfi pratique de Bacteriologie. 
Frankel: Grundriss der Bakterienkunde. 
Eisenberg: Bakteriologische DIagnostik. 
Crookschank, E. M. : Manual of Bacteriology. 
Gunther: EinfUhriug in das Studium der Bacteriologie, etc. 
WooDHEAD AND Hare : Pathological Mycology. 
Salmonsen: Bacteriological Technique (English translation). 



M. V. BALL. 



Buffalo, N. Y., October 1, 1891. 
62 Delaware Avenue. 
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INTRODUCTION. 



History. — The microscope was invented about the latter 
part of the sixteenth century ; and soon after, by its aid, 
minute organisms were found in decomposing substances. 
Kircher, in 1646, suggested that diseases might be due to 
similar organisms ; but the means at his disposal were in- 
sufficient to enable him to prove his theories. Anthony 
Van Leuwenhoeck, of Delft, Holland (1680 to 1723), so 
improved the instrument that he was enabled thereby to 
discover micro-organisms in vegetable infusion, saliva, fecal 
matter, and scrapings from the teeth. He distinguished 
several varieties, showed them to have the power of loco- 
motion, and compared them in size with various grains of 
definite measurement. It was a great service that this 
" Dutch naturalist" rendered the world ; and he can rightly 
he called the " father of microscopy." 

Various theories were then formulated by physicians to 
connect the origin of different diseases with bacteria; but no 
proofs of the connection could be obtained. Andry, in 1701, 
called bacteria worms. Miiller, of Copenhagen, in 1786, made 
a classification composed of two main divisions — monas and 
vibrio ; and with the aid of the compound microscope was 
better able to describe them. Ehrenberg, in 1833, with still 
better instruments, divided bacteria into four orders: bac- 
terium, vibrio, spirillum, and spirochaete. It was not until 
1863 that any positive advance was made in connecting 
bacteria with disease. Rayer ^nd Davp^ioe had in 1850 

(xiii> 



XIV INTRODUCTION. 

already found a rod-shaped bacterium in the blood of ani- 
mals suffering from splenic fever (sang de rate), but they 
attached no special significance to their discovery until 
Pasteur made public his grand researches in regard to fer- 
mentation and the role bacteria played in the economy. 
Then Davaine resumed his studies, and in 1 863 established 
by experiments the bacterial nature of splenic fever or an- 
thrax. 

But the first complete study of a contagious affection was 
made by Pasteur in 1869, in the diseases affecting silk-worms 
— pebrine and flacherie — which he showed to be due to micro- 
organisms. 

Then Koch, in 1875, described more fuUv the anthrax 

7 7 «/ 

bacillus, gave a description of its spores and the properties 
of the samcj and was enabled to cultivate the germ on arti- 
ficial media; and, to complete the chain of evidence, Pas- 
teur and his pupils supplied the last link by reproducing the 
same disease in animals by artificial inoculation from pure 
cultures. The study of the bacterial nature of anthrax has 
been the basis of our knowledge of all contagious maladies, 
and most advances have been made first with the bacterium 
of that disease. 

Since then bacteriology has grown to huge proportions — 
become a science of itself — and thousands of earnest workers 
are adding yearly solid blocks of fact to the structure, which 
structure it will be our aim to briefly describe in the pages 
which are to follow. 
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PART I. 
GENERAL CONSIDERATIONS. 



CHAPTER I. 

BACTERIA. 

0ACTERIA (3axrj7ptov, little staff) is the name given to a group 
of the lowest form of plants, very closely following the algae. 
They were called Fission- Fungi or Schizomycetes (cr;t^f"» to cleave, 
fio^yji, fungus), because it was thought that, as the Fungi, they 
lived without the chlorophyll. The word fission was supplied 
to distinguish them from moulds and yeasts, it denoting the 
manner of reproduction. Since several bacteria have been 
found to possess chlorophyll, and as a great many increase in 
other ways than by simple fission — the name of Schizomycetes 
can no longer be applied, though the word Bacteria leaves much 
to be desired. 

Classification. Ferdinand Cohn, in the middle of the present 
century, was the first to demonstrate bacteria to be of vegetable 
origin, they being placed previous to that among the infusoria. 
He arranged them according to their form under four divisions. 

Cohll's System. I. Spherobacteria (globules). 

II. Microbacteria (short rods). 

III. Desmobacteria (long rods). 

IV. Spirobacteria (spirals). 

As expressed at the present time, Micrococcus, Bacillus, and 
Spirillum. This classification is very superficial, but because a 
better one has not been found it is most in use to-day. 

2 (17) 



18 ESSENTIALS OF BACTERIOLOGY. 

De Bary's System. De Bnry divides bacteria into two groups, 
those arising from or giving rise to cndospores and those devel- 
oped from arlhrospores. This division has a more scientific 
value tlian the first. 

Fig. 1. 



c/^\n^ 




Micrococcus. Spirillum. Bacillus. 

Structnre. Bacteria are cells ; they appear as round or cylin- 
drical of an average diameter or transverse section of 0.001 mm. 
(=1 micromillimeter), written 1 ft. The cell, as other plant- 
cells, is composed of a membranous cell-wall and cell-contents ; 
*' cell-nuclei" have not yet been observed, but the latest re- 
searches point to their presence. 

Cell- Wall. The cell-wall is composed of plant cellulose, which 
can be demonstrated in some cases by the tests for cellulose. 
The membrane is firm and can be brought plainly into view by 
the action of iodine upon the cell-contents which contracts them. 

Cell-Contents. The contents of the cell consist mainly of 
protoplasm, usually homogeneous, but in some varieties, finely 
granular, or holding pigment, chlorophyll, granulose, and sul- 
phur in its structure. 

It is composed chiefly of mycoprotein. 

Gelatinous Membrane. The outer layer of the cell-membrane 
can absorb water and become gelatinoid, forming either a little 
envelope or capsule around the bacterium or preventing the 
separation of the newly-branched germs, forming chains and 
bunches, as slrepto- and staphylo-cocd. Long filaments are also 
formed. 

ZoogloBa. When this gelatinous membrane is very thick, irre- 
gular masses of bacteria will be formed, the whole growth being 
in one jelly-like lump. This is termed a zoogloea (fcoov, animal, 

yXfftoj, glue). 
Locomotion. Many bacteria possess the faculty of self-move- 



BACTERIA. 19 

ment, carrying themselves in all manner of ways across the 
.'Ltiicroscopic fieid, some very quiclcly, others leisurely. 

Vibratory Korementa. Some bacteria vibrate in themselves, 
appearing lo move, hut they do not change their place ; these 
wovemeDts are denoted as luolecular or '' Brovmian." 

Fia. 2. 




PlagCiUa. Little threads or lashes are found attached to many 
of the motile bacteria, either at the poles or along tlie sides, 
sometimes only one, and on some several, forming a tuft. 

These flagelia are in constant motion and can probably be 
considered as the organs of locomotion ; they have not yet been 
discovered upon all the motile bacteria, owing no doubt to our 
imperfect metliode of observation. They can be stained and 
bave been photographed. See Fig. 3. 

Reproduction, Bacteria multiply either through simple divi- 
eion or through frudificnlion by means of small round or oval 
bodies called spores from «pora(seed.) lu the first case, division, 
the cell elongates, an<l at one portion, usually the middle, the 
cell-wall indents itself gradually, forming a septum and dividing 
the cell into two equal parts, just as occurs tn the Higher plant 
and animal cells. See Fig. 4. 
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SuccesBJve divisions take place, the new members either exist- 
ing as separate cells or forming part of a community or group. 



Diiision of a Mici 



® (Q) Cp^ 

Dislston of a BacilUia. (After Mac*,) 

Spore Formations. Two forms of sporulatlon, Endosporousnnd 
Artiironporous. First, a small ■;raiiule develops iu the protoplasm 
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of a 'bacterium, this increases in size, or several little granules 
coalesce to form an elongated, highly refractive, clearly defined 
object, rapidly attaining its real size, and this is the spore. The 
remainder of the cell-contents has now disappeared, leaving 
the spore in a dark, very resistant, membrane or capsule, and 
beyond this the weak cell-wall. The cell-wall dissolves gradu- 
ally or stretches and allows the spore to be set free. 

Each bacterium gives rise to but one spore. It may be at 
either end or in the middle (Fig. 5). Some rods take on a pecu- 
liar shape at the site of the spore, making the rod look like a 
drum-stick or spindle, Clostridium (Fig. 6). 



Fio. 5. 



Fig. 6. 





Sporulation. After De Bary. 



Gostridium. 



Spore Contents. What the real contents of spores are is not 
known. In the mother cell at the site of the spore little gran- 
ules have been found which stain differently from the rest of 
the cell, and these are supposed to be the beginnings, the sjjoro- 
genic bodies. The most important part of the spore is its cajj- 
8ule; to this it owes its resisting properties. It consists of two 
separate layers, a thin membrane around the cell, and a firm 
outer gelatinous envelope. 

Germination. When brought into favorable conditions, the 
spore begins to lose its shining appearance, the outer firm mem- 
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brane begins to swell, and it now assumes tbe shape and size 
of the cell from which it sprang, the capsule having burst, so as 
to allow the young bacillus to be set free. 

Beqnisites for Spore Formation. It was formerly thought that 
when the substratum could no longer maintain it, or had become 
infiltrated with detrimental products, the bacterium-cell pro- 
duced spores, or rather turned itself into a spore to escape anni- 
hilation ; but we know now that only when the conditions are 
the most favorable to the well-being of the cell, does it produce 
fruit, just as with every other type of plant or animal life, a cer- 
tain amount of oxygen and heat being necessary for good spoi*e 
formation. 

Asporogenic Bacteria. Bacteria can be so damaged that they 
will remain sterile, not produce any spores. This condition can 
be temporary only, or permanent. 

Arthrosporous. All the above remarks relate to Endospores, 
spores that arise within the cells. 

In the other group called Arthrospores, individual members 
of a colony or aggregation leave the same, and become the origi- 
nators of new colonies, thus assuming the character of spores. 

The Micrococci furnish examples of this form. 

Some authorities have denied the existence of the arthro- 
sporous formation. 

Besistanoe of Spores. Because of the very tenacious envelope, 
the spore is not easily influenced by external measures. It is 
said to be the most resisting object of the organic world. 

Chemical and physical agents that easily destroy other life 
have very little effect upon it. 

Many spores require a temperature of 140^ C. dry heat for 
several hours to destroy them. The spores of a variety of potato- 
bacillus (bacillus mesentericus) can withstand the application of 
steam at 10(P C. for four hours. 
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CHAPTER II. 

ORIGIN OF BACTERIA AND THEIR DISTRIBUTION. 

As Pasteur has shown, all hacterla develop from pre-existiug 
bacteria, or the spores of the same. They cannot, do not arise 
de novo. 

Their wide and almost universal diffusion is due to the minute- 
ness of the cells and the few requirements for their existence. 

Very few places are free from germs ; the air on the high seas, 
and on the mountain tops, is said to he free from bacteria, 
but it is questionable. 

One kind of bacterium will not produce another kind. 

A bacillus does not arise from a micrococcus or the typhoid 
fever bacillus produce the bacillus of tetanus. 

This subject has been long and well discussed, and it would 
take many pages to state the '' pros" and " cons," therefore, this 
positive statement is made, it being the position now held by the 
principal authorities. 

Saprophytes and Parasites. {Saprophytes, $a7tpo;, putrid, pvtov, 
plant. Parasites^ ttapa, aside of Bitoi, food.) Those bacteria 
which live on the dead remains of organic life are known as 
Saprophytic Bacteria, and those which choose the living bodies 
of their fellow-creatures for their habitat are called Parasitic 
Bacteria. Some, however, develop equally well as Saprophytes 
and Parasites. They are called Facultative Parasites. 

Conditions of Life and Growth of Bacteria. Influence of Tem- 
perature. — In general, a temperature ranging from 10^ C. to 40^ 
C. is necessary to their life and growth. 

Saprophytes take the lower temperatures ; Parasites, the tem- 
perature more approaching the animal heat of the warm-blooded. 
Some forms require a nearly constant heat, growing within very 
small limits, as the Bacillus of Tuberculosis. 

Some forms can be arrested in their development by a warmer 
or colder temperature, and then restored to activity by a return 
to the natural heat. 
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A few varieties exist only at freezing point of water ; and 
others again that will not live under a temperature of &P C. 

For the majority of Bacteria a temperature of 60^ C. is de- 
structive ; and several times freezing and thawing very fatal. 

Influence of Oxygen, — Two varieties of bacteria in relation to 
oxygen. 

The one cerobic, growing in air ; the other anceroibiCj living 
without air. 

Obligate oerohins, those which exist only when oxygen is present. 

Facultative mrobins^ those that live best when oxygen is present, 
but can live without it. 

Obligate or true ancerobins, those which cannot exist where 
oxygen is, 

FacuUaiive anasrdbins^ those which exist better where there is 
no oxygen, but can live in its presence. 

Some derive the oxygen which they require out of their nutri- 
ment, so that a bacterium may be aerobic and yet not require 
the presence of free oxygen. 

-^robins may consume the free oxygen of a region and thus 
allow the anserobins to develop. By improved metiiods of cul- 
ture many varieties of anaerobins have been discovered. 

Influence of Xigf/?f.— Sunlight is very destructive to bacteria. 
A few hours' exposure to the sun has been fatal to anthrax 
bacilli, and the cultures of bacillus tuberculosis have been killed 
by a few days' standing in daylight. 

Effects of Electricity, — Electricity arrests growth. 

Vital ActioBB of Microbes. Bacteria feed ing upon organic com- 
pounds produce chemical changes in them, not only by the with- 
drawal of certain elements, but also by the excretion of these 
elements changed by digestion. Sometimes such changes are 
destructive to themselves, as when lactic and butyric acids are 
formed in the media. 

Oxiclatian and reduction are carried on by some bacteria. Am- 
monia, hydrogen sulphide, and trimethylamin are a few of the 
chemical products produced by bacteria. 

Ptomaines. Brieger found a number of complex alkaloids, 
closely resembling those found in ordinary plants, and which 
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he named ptomaines, from nti^fjuo. (corpse), because obtained 
from putrefying objects. 

Fermentation. This form of "splitting up"— fermentation, 
as it is called — is due to the direct action of vegetable organisms. 
Many bacteria have the power of ferments. 

Putre£EUStion. When fermentation is accompanied by devel- 
opment of offensive gases, a decomposition occurs, which is 
called putrefaction, and this, in organic substances, is due 
entirely to bacteria. 

Liqnefieution of Solid Oelatine. Some varieties of bacteria 
digest the nutrient gelatine, and so dissolve it ; others excrete 
a ferment which liquefies the gelatine. 

Producers of Disease. Various pathological processes are 
caused by bacteria, the name given to such diseases being 
infectious diseases and the germs themselves called disease-pro- 
ducing pathogenic bacteria. Those which do not form any 
pathological process are called non-pathogenic bacteria. 

Pigmentation. Some bacteria are endowed with the property 
of forming pigments either in themselves, or producing a chro- 
mogenic body which, when set free, gives rise to the pigment. 
In some cases the pigments have been isolated and many of the 
properties of the aniline dyes discovered in them. 

Phosphorescence. Many bacteria have the power to form 
light, giving to various objects which they inhabit a character- 
istic glow or phosphorescence. 

Fluorescence. An iridescence, or play of colors, develops in 
some of the bacterial cultures. 

Oas Formation. Many bacteria, anaerobic ones especially, 
produce gases, noxious and odorless ; in the culture-media the 
bubbles which arise soon displace the media. 

Odors. Some germs form odors characteristic of them : some 
sweet, aromatic ones, and others very foul, disagreeable smells ; 
some give a sour or rancid exhalation. 

Effect of Age. With age, bacteria lose their strength and die. 

Bacteria thus carry on all the functions of higher organized 
life ; they breathe, eat, digest, excrete, and multiply ; and they 
are very busy workers. 
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CHAPTER III. 

METHODS OF EXAMINATION. 

We divide the further study of the general characterialics of 
Bncterin into two porliooa :— 
First tlie examiiMlion of the same by nid of the microscope. 
Sf-cond. Tlie cnntiQued study through arti/kial cuWuotton. 
They both go hiind in hand ; the one incomplete without the 
Other, 

HiCTDWOpioal. The ordinary microscope will not suffice for 
Bacteriological reseai-ch. Certaio special appliances must firat 
be added. It is not so much required to have a picture very 
large, as to have it sharp and clear. 

Oil Immersion Lens. The penetration and clearness of a lens 
are very much influenced by the absorption of the rays of light 
emerging fVom the picture In the ordinary drj ejstera many 
of the I ght rajs being bent outward by the air which is be- 
tween the object and the Ittis do not enter the lens and are 
lost By interposing an a»ent which has the same refractive 
index as glass cedar oil or clme-oil foi example all the rays 
of light from the object enter directly into the lens 

The " Homogeneous bystem,- as this lens is called, dips into 
a drop of cedar-oil placed upon the cover-glass, and is then ready 
for use. 

Abbe's Condenser. The second necessary adjunct is a com- 
bination of lenses placed underneath the stage, for bringing 
wide rays of light directly under 
the object. It serves to intensify 
the colored pictures by absorbing 
or hiding the unstained structure. 

This is very useful in searching 
a specimen for bacteria, since it 
clears the field of everything that 
is not stained. It is called Abbe's 
Abbe'i Condenier. Condenser. Together with it is 

usually found an instrument &x 
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shuUdOg off part of the light— a Blender. When the bacteria 
have beeo found, and thtir relaiion to the structure is then 
wished to be studied, the " Abbe" is generally shut out by the 
Iris blender, and the stiucture comes more plainly into view, 




For all ttatned Bactena the oil immersion lens and Abbe con> 
densei witliout the use of Blender For unstained specimens, 
oil immersion and the narrowed blender 

When examinmg with low power objective, use a strong 
otjulttr When using high power objective use weak ocular. A 
nose piece will be found -very useful since it is sometimes neces- 
snry to change the objective on the same field, and that insures 
ft great steadiness of the obj'ect. 

Great cleanliness is needed in all bacteriological methods ; but 
nowhere more so lli:in in the niici-ofii-opLCiil exnmination. 

The cover-glass slionhi he very carefully washed in alcohol, 
and dried with a soft linen rag. To remove the stains on the 
cover'^iasscs tli;it have been used, they should be soaked in 
hydrochloric acid. 

They are well cleaned by cooking fifteen minutes in a ten per 
cent, lysol solution. 

lation of UoBtauied BaoteriA. As the coloring of bac- 
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teria kills them and changes their shape to some extent, it is pre- 
ferable to examine them when possible in their natural state. 

We obtain the bacteria for examination, either from liquid or 
solid media. 

From Liquida. With a long platinum needle, the end of which 
is bent into a loop, we obtain a small drop from the liquid con- 
taining the bacteria, and place it on a cover-glass or slide ; 
careful that no bubbles remain. 

Sterilize Instruments. Eight here we might say that it is 
best to accustom one's self to passing ail instruments, needles, 
etc., through the flame before and after each procedure ; it in- 
sures safety ; and once in the habit, it will be done automati- 
cally. 

From Solid Media. With a straight-pointed platinum needle, 
a small pinch of the medium is taken and rubbed upon a glass 
slide, with a drop of sterilized water, or bouillon, and from this 
a little taken on coyer-glass, as before. 

Fig. 9. 




L 





Platinum Needles. 

The cover-glass with its drop is now placed on the glass slide, 
carefully pressing out all bubbles. Then a drop of cedar-oil is 
laid on top of the cover-glass, and the oil immersion lens dipped 
gently down into it as close as possible to the cover-glass, 
the narrow blender shutting off the Abbe condenser, for this 
being an unstained specimen, we want but little light. We now 
apply the eye, and if not in focus, use the fine adjustment, or, 
using the coarse, but always awuy from the object that is to- 
wards us, since the distance between the specimen and the lens 
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is very slight, it does not require much turning to hreak the 
cover-glass and ruin the specimen. Having found the bacte- 
rium, we see whether it be bacillus, micrococcus, or spirillum ; 
discover if it be motile, or not. That is about all we can ascer- 
tain by this method. 

Fio. 10. 





Hanging Drop in Concave Glass Slide. 



Hang^g Drop. When the looped platinum needle is dipped 
into a liquid, a very finely-formed globule will hang to it ; this 
can be brought into a little cupped glass slide (an ordinary 
microscopic glass slide with a circular depression in the centre) 
in the following manner : The drop is first brought upon a 
cover-glass ; the edges of the concavity on the glass slide are 
smeared with vaseline, and the slide inverted over the drop ; 
the cover-glass sticks to the smeared slide, which, when turned 
over, holds the drop in the depression covered by the cover- 
glass, thus forming an air-tight cell ; here the drop cannot 
evaporate. 

Search for the bacteria with a weak lens ; having found them, 
place a drop of cedar-oil upon the cover-glass, and bring the oil 
immersion into place (here is where a nose-piece comes in very 
usefully), careful not to press against the cell, for the cover- 
glasses are very fragile in this position. 

Search the edges of the drop rather than the middle ; it will 
usually be very thick in the centre and the bacteria not so easily 
distinguished. 
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Spores, automatic movements, fission, and cultivation in 
general can be studied for several days. This nmtit cJiamher 
can be placed in a brood -oven or on the ordinary warming 
stages of the microscope. 



CHAPTER IV. 

STAINING OF BACTERIA. 

Staining or coloring bacteria is done in order to make them 
prominent, and to obtain permanent specimens. It is also 
necessary to bring out the structure of the bacteria, and 
serves in many instances as a means of diagnosis ; and lastly, 
it would be well-nigh impossible to discover them in the tissues, 
without staining. 

Only since the aniline colors have come into active use, has 
the technology of staining become developed. 

Aniline Colon. Of the numerous dyes in the market, nearly 
all have, at one time or other, been used in staining bacteria. 
But now only a very few find general use, and with methyline 
blue and fuchsin nearly every object can be accomplished. 

Basic and Acid Dyes. Ehrlich was the first to divide the 
aniline dyes into two groups, the basic colors to which belong— 

Gentian violet. 
Methyl violet, 
Methylin blue, 
Fuchsin, 
Bismark-brown, 
And the acid colors to which eosin belongs. 

The basic dyes stain the bacteria and the nuclei of cells ; the 
add dyes stain chiefly the tissue, leaving the bacteria almost 
untouched. Carmine and HcBmatoxylin are also useful as con- 
tmst stains, affecting bacteria very slightly. The aniline dyes 
are soluble in alcohol or water or a mixture of the two. 

Staining Solutions. A saturated solution of the dye is made 
with alcohol. This is called the stock or concentrated solution ; 
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1 part of this solution to about lUO parts of distilled water con- 
stitutes the ordinary aqueous solution in use or weak solution. 

It is readily made by adding to an ounce bottle of distilled 
water enough of the strong solution until the fluid is still opaque 
in the body of the bottle, but clear in the neck of the same. 

These weak solutions should be renewed every three or four 
weeks, otherwise the precipitates formed will interfere with the 
staining. 

Compound Solutions. By means of certain chemical agents, 
the intensity of the aniline dyes can be greatly increased. 

Mordants. Agents that '^&ite" into the specimen carrying 
the stain with them, depositing it in the deeper layers, are 
called mordants or etchers. 

Various metallic salts and vegetable acids are used for such 
purpose. 

The mother liquid of the aniline dyes, aniline ail, a member 
of the aromatic benzol group, has also this property. 

Aniline Oil Water. Aniline oil is shaken up with water and 
then Altered ; the aniline water so obtained is mixed with the 
dyes forming the "aniline water gentian violet" or aniline 
water fuchsin, etc. 

Carbol Fuchsin. Carbolic acid can be used instead of aniline 
oil, and forms one of the main ingredients of Ziehl's or Neelsen's 
solution, used principally in staining bacillus tuberculosis. 
Kiihne has a carbol- methylin blue made similar to the carbol 
fuchsin. 

Alkaline Stains. Alkalies have the same object as the above 
agents ; namely, to intensify the picture. Potassium hydrate, 
aramon. carbonate, and sodium hydrate are used. 

Loffler's alkaline blue and Koch's weak alkaline blue make 
use of potassium. 

Heat. Warming or boiling the stains during the process of 
staining increases their intensity. 

Decolorizing Agents. The object is usually over-colored in 
some part, and then decolorizing agents are employed. Water is 
sufficient for many cases ; alcohol and strong mineral acids com- 
bined are necessary in some. 
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Iodine as used in Oram's Method. Belonging to this group, 
but used more in the sense of a protective, is tr, iodine. It picks 
out certain bacteria, which it coats ; prevents tJiem from being 
decolorized, but allows all else to be faded. Then by using one 
of the acid or tissue dyes, a contrast color, or double staining is 
obtained. Many of the more important bacteria are not acted 
upon by the iodine, and it thus becomes a very useful means of 
diagnosis. 

Formulas of different Staining Solutions. 

I. — Saturated Alcoholic Solytion, 

Place about 10 grammes of the powdered dye in a bottle and 
add 40 grammes of alcohol. Shake well and allow to settle. 
This can be used as the stock bottle. 

II. — Weak Solutions. 

Made best by adding about 1 part of number I. or stock solu- 
tion to 10 of distilled water. This is the ordinary solution in use. 

Ill,— Aniline Oil Water. 

Aniline oil 5 parts. 

Distilled water .... 100 parts.— M. 
Shake well and filter. To be made fresh each time. 

IV. — Anilin£ Waier Dyes. 

Sat. alcoh. sol. of the dye . . 11 parts. 

Aniline oil water .... 100 parts. 

Abs. alcohol 10 parts. — M. 

Can be kept 10 days. 

V. — Alkaline Methylin Blue. 

A. Jjoffler's. 

Sat. ale. sol. methylin blue . . 30 
Sol. potass, hydrat. (1-10,000) . 100— M. 

B. Koch's. 

Sol. potass, hydrat. (10 per cent.) 0.2 

Sat. ale. sol. methyl, blue . . 1.0 
Distilled water , , . . 200.0— M. 



STAININQ OF BACTERIA. 33 

Yl.— Carbolic Acid Solutions. 

A. Ziehl-Neelsen, 

Fuchsin (powd.) .... 1 part. 

Alcohol 10 parts. 

5 per cent. 8ol. acid, carbolic . 100 parts.— M. 
Filter. The older the solution the better. 

B. Kuhne. 

Methylin blae .... 1.5 

Alcohol 10.0 

5 per cent. sol. ac. carbol. . . 100.0 
Add the acid gradually. This solution loses strength with age. 

Vn. — Gramas Iodine Solution. 

Iodine 1 

Potass, iod 2 

Aquae destillat 300.— M. 

YJll.—Loffler's Mordant (for flagella). 

Aq. sol. of tannin (20 per cent.) . 10 parts. 

Aq. sol. ferri sulph. (5 per cent. ) . 1 part. 

Aquse decoc. of logwood (1-8) . 4 parts. — ^M. 
Keep in well-corked bottle. 

IX.—PicrO'Carmine (Ranvier). 

Carmine 1 

Water 10 

Sol. ammon 3 

Sat. sol. picric acid . . . 200. — ^M. 

X.— Oabh€t^s Acid Blue (rapid stain). 

Methylin blue .... 2 

25 per cent, sulphuric acid . . 100. — M. 

XL — Alkaline Aniline Water Solutions. 

Sodium hydrat. (1 per cent.) . . 1 

Aniline oil water .... 100. — M. 

And add — 

Fuchsin, or methyl-violet powd. . 4 

Cork welL Filter before using. 
3 
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CHAPTER V. 

GENERAL METHOD OF STAINING SPECIMENS. 

Cover-Olass Preparations. The material is evenly spread in 
as thin a layer as possible upon a cover-glass ; then, to spread 
it still more finely, a second cover-glass is pressed down upon 
the first and the two slid apart. This also secures two speci- 
mens. Before they can be stained they must be perfectly dry, 
otherwise deformities will arise in the structure. 

Drying the Specimen.— The cover-glass can be set aside to dry, 
or held in the fingers over the Bunsen burner (the fingers prevent- 
ing too great a degree of heat). Since mo8t of the specimens 
contain a certain amount of albumenoid material, it is best in 
all cases to '^ fix" it, i, e., to coagulate the albumen. This is 
accomplished by passing the cover-glass (after the specimen is 
dry) three times through the flame of the burner, about three 
seconds being consumed in doing so, the glass being held in a 
small forceps, smeared side up. 

The best forceps for grasping cover-glasses is a bent one, bent 
again upward, near the ends. (Fig. 11.) It prevents the flame 
or staining-fluid from reaching the fingers. 

Fio. 11. 




Author's Bent Forceps for Holding Cover-glass over Flame. 

The object is now ready for staining. 

Staining. — A few drops of the staining solution are placed 
upon the cover-glass so that the whole specimen is covered, 
and it is left on a few minutes, the time depending upon the 
variety, the strength of stain, and the object desired. Instead 
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of placing the dye upon the object, the cover-glass can be im- 
mersed in a small glass dish containing the solution ; or, if 
heat is desired to intensify or hasten the process, a watch- 
crystal holding the stain is placed over a Bunsen burner and 
in it the cover-glass ; and, again, the cover-glass can be held 
directly in the flame with the staining fluid upon it, which 
must be constantly renewed until the process is completed. 

Bemoving Excess of Stain. The surplus stain is washed off 
by dipping the glass in water, distilled water always best, 
though ordinary running water is admissible. 

The water is removed by drying between filter paper or 
simply allowed to run off by standing the cover-glass slant- 
wise against an object. When the specimen is to be examined 
in water (which is always best with the first preparation of 
the specimen, as the Canada balsam destroys to some extent 
the natuml appearance of the bacteria), a small drop of ster- 
ilized water is placed upon the glass slide, and the cover-glass 
dropped gently down upon it, so that the cover-glass remains 
adherent to the slide. 

The dry system or the oil-immersion can now be used. 

When the object has been sufficiently examined it can be per- 
manently mounted by lifting the cover-glass off the slide (this 
is facilitated by letting a little water flow under it, one end 
being slightly elevated). The water that still adheres is dried 
off in the air or gently over the flame, and when perfectly dry 
it is placed upon the drop of Canada balsam which has been put 
upon the glass slide. 

In placing the cover-glass in the staining solutions one must 
be careful to remember which is the spread side. 

By holding it between yourself and the window, and scraping 
the sides carefully with the sharp point of the forceps, the side 
having the specimen on it will show the marks of the instrument. 

Little glass dishes, about one-half-dozen, should be at hand 
for containing the various stains and decolorants. 

Tissue Preparations. In order to obtain suitable specimens 
for staining, very thin sections of the tissue must be made. 

As with histological preparations, the tissue must be hardened 
before it can be cut thin enough. Alcohol is the best agent for 
this purpose. 
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Pieces of the tissue one-quarter inch in size are covered with 
alcohol for 24 to 48 hours. 

When hardened it must he fixed upon or in some firm ohject. 
A paste composed of— 

Gelatine 1 part. 

Glycerine 4 parts. 

Water 2 parts. 

will make it adhere firmly to a cork in al)out 2 hours, or it can 
be imbedded in a small block of paraffine, and covered over with 
melted paraffine. 

Cutting. The microtome should be able to cut sections j^Vs 
inch in thickness ; this is the fineness usually required. 

The sections are brouglit into alcohol as soon as cut unless 
they have been imbedded in paraffine, when they are first washed 
in chloroform to dissolve out the paraffine. 

Staining. All the various solutions should be in readiness, 
best placed in the little dishes in the order in which they are to 
be used, as a short delay in one of the steps may spoil the speci- 
men. 

Fio. 12. 




Spatula for Lifting Sections. 

A very useful instrument for transferring the delicate sections 
from one solution to another is a little metal spatula, the blade 
being flexible. 

A still better plan, especially when the tissue is "crumbling," 
is to "carry out" the whole procedure on the glass-side. 

General Principles. The section is transferred from the alco- 
hol in which it has been kept into water, which removes the 
excess of alcohol, from here into — 

Dish I, containing the stain; where it remains 5 to 15 minutes. 
Then— 

Dish 11^ containing 5 per cent, acetic acid (1 to 20) ; where it 
remains ^ to 1 min. The acid removes the excess of stain. 
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Dish III, toater to rinse off the acid. The aection can now be 
placed under the microscope covered with cover-glass to see if 
the inteiiRity of the stain is sufficient or too great, A second 
section is then taken, avoiding the errors, if any ; and having 
reached tills stage proceeded with as follows :— 

Dfsft IV, alcohol, 2 to 3 seconds to remove the water in the 

V. A few drops of oil "f dnrea, just long enough to clear the 
specimen to make it transparent (so that an objeet placed under- 
neath will shine through). 

VI. Remove excess with filter-paper. 
VIL Mount in Canada balsam. 
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CHAPTER YI. 

SPECIAL METHODS OF STAINING AND MODIFICATIONS. 

Oram's Method of Double Staining. (For cover-glass speci- 
mens.) — I. A hot solution of anil, water gentian violet 2 to 10 
minutes. 

II. Directly without washing, into Gram's solution of ioil. 
potass, iod. 1 to 3 min. (the cover-glass looks black). 

III. Wash in alcohol 60 per cent, until only a light brown 
shade remains (as if the glass were smeared with dried blood). 

TV, Rinse off alcohol with water. 

V. Contrast color with either eosin, picro-carmine, or bismark- 
brown. Tbe bacteria will appear deep blue, all else red or brown 
on a very faint brown background. 

The following bacteria do not retain their color with Gram's 
method — are therefore not available for the stain : — 
Bacillus of typhoid. 
Spirillum of cholera. 
Bacillus of chicken cholera. 

*' of hemorrhagic septicaemia. 
" of malignant oedema. 
" of pneumonia (Friedlander). 
" of glanders. 
Diplococcus of gonorrhoea. 
Spirillum of relapsing fever. 
Oram's Method for Tissues (modified by GUnther), 

I. Stain in anil, water gent, violet . . 1 minute. 
II. Dry between filter paper. 

III. Iod. potass, iod. sol 2 minutes. 

IV. Alcohol J minute. 

y. 3 perct. sol. hydrochloric acid in alcohol 10 seconds. 

VI. Alcohol, ol. of cloves, and Canada balsam. 

To Stain Spores. Since spores have a very firm capsule, 
which tends to keep out all external agents, a very intensive 
stain is required to penetrate them, but once this object attained 
it is equally as difficult to decolorize them. 
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A cover-glass prepared in the usual way, t. e., drying and 
passing the specimen through the fiauie three times, is placed in 
a watch-crystal containing ZiehPs carhol-tuchsin solution, and 
the same placed upon a rack over a Bunsen burner, where it is 
kept at boiling-point for (mje hour, careful to supply fresh solution 
at short intervals lest it dry up. 

The bacilli are now decolorized in alcohol, containing J per 
cent, hydrochloric acid. A contrast color, preferably methylin 
blue, is added for a few minutes. 

The spores will appear as little red beads in the blue bacteria, 
and loose ones lying about. 

Spore Stain (modified). — I. CarhoL-fuchsin on cover-glass and 
heated in the flame to boiling point 20 to 30 times. 

II. 25 per cent, sulphuric acid, 2 seconds ; rinsed in water. 

III. Methylin blue contrast. 

Flagdla Stain, with Lbffler^s Mordant,—!, A few drops of the 
mordant (No. viii.) are placed upon the spread cover-glass and 
heated until it steams. 

II. Washed with water until the cover-glass looks almost clean, 
using a small piece of filter paper to rub oflf the crusts which have 
gathered around the edges. 

III. Aniline water fuchsin (neutral] held in flame about 1^ 
minutes. 

IV. Wash in water. 

If the stain is properly made, the microbes are deeply colored 
and the flagella seen as little dark lines attached to them. 

Sporogenic bodies stain quite readily, and in order to distin- 
guish them from spores Ernst uses alkaline methylin blue, slightly 
warmed. 

Then rinse in water. 

Contrast with cold bismark -brown. 

The spores are colored bright blue, the spore granules a dirty 
blue, being mixed with the brown, which colors also the bacteria. 

Kilhne^s Method, — In sections, the alcohol used sometimes de- 
colorizes too much. To obviate this Kiihne mixes the alcohol 
with the stain, so that while the section is being anhydrated it 
is constantly supplied with fresh dye. 

Weigert uses aniline oil to dehydrate instead of alcohol, and 
here, too, it can be used mixed with the dye. 
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General Double Staining for Sections. 



I. Stain (watery dyes) 
II. Acetic acid and water (1 to 4) 

III. Alcohol 

IV. Contrast stain, usually picro-car 

mine or eosln 

V. Alcohol 

VI. Clove oil. Canada balsam. 



10 to 15 minutes. 
i minute. 
2 to 3 minutes. 

2 to 3 minutes. 
^ minute. 



Instead of coloring with the contrast last, it can be used first, 
then alcohol one-half minute, followed by the bacteria stain, acid 
water, alcohol, clove oil, and Canada balsam in succession. 

The stains for special bacteria will be given when treating of 
the same. 



CHAPTER VII. 

METHODS OF CULTURE. 

Artificial CTlltivatioil.~-The objects of cultivation are to obtain 
germs in pure culture, free from all foreign matter, isolated and 
so developed as to be readily used either for microscopical ex- 
amination or animal experimentation. 

To properly develop bacteria we supply as near as possible 
the conditions which hold for the especial germ in nature. 
With the aid of solid nutrient media the bacteria can be easily 
separated, and the methods are nearly perfect. 

Sterilization. If we place our nutrient material in vessels 
that have not been properly disinfected, we will obtain growths 
of bacteria without having sown any. 

If we have thoroughly cleaned our utensils, and then not taken 
care to protect them from further exposure, the germs we have 
sown will be effaced or contaminated by multitudes of others, 
that are constantly about us. We therefore have two neces- 
sary precautions to take : — 

Mrst. To thoroughly clean and sterilize every object that 
pnters into^ or in any way comes in contact with, the culture. 
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Ikcond. To maintain this degree of disinfection throughout 
the whole course of the growth, and prevent, by proper con- 
tainers, the entrance of foreign germs. 

I)uinfectailt6. Corrosive sublimate (bichloride of mercury}, 
which is the most effective agent we possess, cannot be gene- 
rally used because it renders the soil unproductive and therefore 
must only be employed in washing dishes, to destroy the old 
cultures. Even after washing, a few drops of the solution may 
remain and prevent growth, iso that one must be careful to have 
the glass-ware that conies in contact with the nutrient media 
not too moist with the sublimate. 

Heat. Meat is the best agent we possess for general use. 
Dry heat and moist heat are the two forms employed. 

Fio. 14. 




For obtaining dry heat— thai is, a temperature of 15QP C, 
(about 30(P r,)— a sheet-iron oven is used which can be heated 
by a gas-burner. If it have double walls (air circulating be- 
tween), the desired temperature ia much more quickly obtained. 
A small opening in the top to admit a thermometer is neces- 
sary. These chests are usually about 1 foot high, 1 j foot wide, 
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and f foot deep. In them, glasswitre, cotton, Rnd paper can be 
sterilized. When (he cotton is turned slightly brown, it usually 
denotes sufficieut Bterilizuiion. All insti'uiuents, where pr.icti- 
cable, should lie driiwn lliruugh the flame uf an alcohol lamp or 
Bunsea burner. 

Moiat Seat.— Steam at VHP C. in circulation has been shown 
to be a very effective application of heat, 

Koch's Steam-chest. Circulating steam is obtained by aid of 
Koch's apparatus. This consists of a cylindrical tin chest 

Fio. 16. 




about 2^ feet high and about i foot in diameter -, divided in its 
interior by a perforated diaphragm, o, an upjier chatiibcr for 
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the steam, c, and a lower one for water, h. Two or more 
gas-burners placed underneath the chest, which stands on a 
tripod, supply the heat. In the cover is an opening for a ther- 
mometer. The chest is usually covered with felt. When the 
thermometer registers 100° C. the culture-medium or other sub- 
stance to be sterilized is placed in the steam and kept there 
from 10 to 15 minutes, or longer, as required. 

Arnold's Steam-sterilizer will answer every purpose of the 
Koch steam-chest. It is cheaper, requiring also less fuel to keep 
it going. The steam does not escape, but is condensed in the 
outer chamber. (Fig. 16.) 

Fig. 16. 




Arnold's Steam-sterilizer. 

The autoclave of Chamberland allows a temperature of 120^ 
C. to be obtained, and is much used in Pasteur's laboratory. 

Instead of sterilizing for a long time at once, successive steri- 
lization is practised with nutrient media, so that the albumen 
will not be too strongly coagulated. Fifteen minutes each day 
for three days in succession. 
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FrftCtional Stenhzatum of Tyndall. Granted that so many 
spores origioally exist in the object to be stenli/cd it is sub- 
jected to 60° C for four hours in which time a part it least of 
those spores have developed into bacteria, and the bacteria 
destroyed by the further application of the heat. The nest day 
niore bacteria will have formed, and four hours' subjection to 
6CP heat will destroy them, and bo at the end of a week, using 
four hours' application each day, all the spores originally present 
™'ll have germinated and the bacteria destroyed. 



METHODS OP CULTCBB. 



46 



Cotton Flnga or Corka. All the glass Teasels (teet-tubee, flasks, 
etc.] must be closed witb cotton plugs, the cotton being easily 
sterilized and preventiDg the entrance of germs. 

Testtabos. New test-tubes are washed with hydrochloric 
mid and water to neutralize the alkalinity often present in 
fresh glass. They are then well washed and rubbed with a 
brush, placed obliquely to drain, and when dry corked with 
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wire-Cage. Cotton plugged Tetl-Tubei. 

cotton plugs. Then put in the hot-air oven (little wire-cages 
being used to contain them) for fiiteen minutes, after which they 
are ready to be filled with the nutrient media. (The cotton 
should fit firmly in the tube and extend s. short space beyond it.) 

Test-tubes without flaring edges are more desirable since the 
edges can easily be drawn out so as to seal the tube. 

Instead of test-tubes, ordinary 3 oz. panel medicine bottles 
can be used for retaining the nutrient media and cultures. 

According to lale investigations, the glass tubes l>econie sulB- 
eieatly sterile in the steam-chest without the preliminary sterili- 
zation in the dry oven. 
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CHAPTER VIIL 

NUTRIENT MEDIA. 

Of the many different media recommended and used since 
bacteriology became a science, we can only describe the more 
important ones now in use. Each investigator changes them 
according to hid taste. 

Fluid Media. 

Bouillon (according to Loffler). A cooked infusion of chopped 
beef made slightly alkaline with carbonate of soda. Prepared 
as follows : 500 grammes of finely-chopped raw lean beef are 
placed in a wide-mouthed jar and covered with 1 litre of water ; 
this is left standing twelve hours with occasional shaking. It is 
then strained through cheese cloth or straining cloth, the white 
meat remaining in the cloth being pressed until one litre of the 
blood red meat-water has been obtained. The meat-water must 
now be cooked, but before doing this, in order to prevent all the 
albumen from coagulating, 10 parts of peptone powder and 5 
parts of common salt are added to every 1000 parts meat-water. 
It is next placed in the steam-chest or water-bath for three- 
quarters of an hour. 

Nentralization. The majority of bacteria grow best on a 
neutral or slightly alkaline soil, and the bouillon, as well as 
other media, must be carefully neutralized with a sat. sol. of 
carbonate of soda. Since too much alkalinity is nearly as bad 
as none at all, the soda must be added drop by drop until red 
litmus paper commences to turn blue. The bouillon is then 
cooked another hour, and filtered when cold. The liquid thus 
obtained must be clearly alkaline, and not clouded by further 
cooking. If cloudiness occur, the white of an egg and further 
boiling will clear the same. 

SterilizatioiL of the bonillon. Erlenmeyer flasks (little conical 
glass bottles) or test-tubes plugged and properly sterilized are 
filled one-third full with the bouillon, and placed with their con- 
tents in the steam-chest. A tin pail with perforated bottom 
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makes a good contaiiter Id which th«T cmn be k»ert>l id Ibe 
Koch's oven. They are left in steam of K<h C. ooe boor for 
three saccesHive days, after whidi the nibes and boailioo are 
ready for use. 

Solid Ibdia, The koowledge <rf' bacteria and gt-rmst^ moulds 
sctlling aod growing npoo slices irf potato exposed to the air. letl 
to the use of solid media for the artifirial culture of the same. 
It was also thus learned that each geim tends to fonu a separate 
GOloDj aud remuu isolated. 

PotatO^Tnttora. A ripe potato with a smooih skin is the 
beet. 

Several are brushed and scruMied with water to get rid ot the 
dirt and the "eyes" are cut ouL 

Next placed in 1 to 500 solution of bichloride of mercury for 
i hour. Then Id the steam-chest for ) liour. 

In the meantime, a recept^ble is prepared for them. This is 
called the moist chamber. 

The moist chamber consists of two lai^ shallow dishes, one, 
the larger, as a cover to the other. 

These dishes are washed in warm distilled water. 

A layer of filter paper moistened with a 15 to 30 drops of 1 to 
1000 bichloride is placed in the bottom of the glass dish. 

Pw. 20. 




The operator now prepares his own hands, rolling up his coat 
sleeves and carefully washini; his hands, then taking a potato 
from the sleam-oven and holding it between his thumb and 
index finger in the short axis, be divides the potato in its 
long axis with a knifu that has been passed through the Dame. 
The two halves are kept in contact until they are lowered Into 
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the moist chamber, when they of their own weight fall aside, 
the cut surfiice uppermost. They are then ready for inoculatioo. 




Method or slicing potato. (After Woodhead and Hare, 



Esmaroh's Cabu. The potato is first well cleaned and peeled. 
It is then cut in cubes i inch in size. 

These are placed, each in a little glass dish or tray and then 
ill ateam-chest for J hour, after which they are ready for inocu- 
lation (the dishes flrst having been sterilised in hut-air oven). 

Test-tabe Potatoes. Cones are cut out of the peeled potato 
and placed in test-tubes, which can then be plugged and easily 
preserved. 

Kanaer of Inoculation. With a platinum rod or a spatula 
(sterilized) the material is spread out upon one of the slices, 
keeping free of the edges. The growth on this first or original 
potato will be quite luxuriant, and the individual colonies often 
difficult to recognize, therefore dilutions are made. (Fig. 22.) 

From the original or first slice, a small portion including some 
of the meat of the potato is spread out upon the surfa(» of a 
second slice, which is first dilution. From this likewise a small 
bit is taken and spread on a third slice or second dilution, and 
here usually the colonics will be sparsely enough settled to study 
them in their individuality. 

This is the principle carried on in all the cultivations. It is 
a physical analysis. 
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Potato and Bread Hash. These pastes are used chiefly in the 
culture of moulds and yeasts. Peeled potatoes are mashed wiLli 
distilled water until thick, and then sterilized in flasks J of au 
hour for three successive days. 

-Bread JUmsA.— Bread devoid of crust, dried in an oven, and 
then pulverized and mixed with water until thick and sterilized 
as above. 



CHAPTER IX. 



Solid Transparent Kedia are materials whicli can be used for 
microscopical purposes and wliich cau readily be converted 
into liquids. Such are the gelatine and agar materials. 

Gelatme. Gelatine is obtained from bones and tendons, and 
inusists chiefly of chondriu and gluten. 

The French golden medal brand is the one most in use, found 
in long leaves with ribbed lines crossing them. 

Kocli'Loffler 10 per cent. BonillDn-Oelatine. To the meat- 
water as made for the bouillon are added 
100 grammes gelatine, 
10 " peptone, 

to each 1000 grammes of the meat- water. 
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This is placed in a llns]( aad geiitly heated until the gelatine 

in dissolved. 
Xeutrulizittion with the soda and then cooking in water-bath 

for 1 hour or more until the liquid eeems clear, then add while 
of an egg and boil i hour 
longer ; the egg will produce 
a clearer solution and ^nve 
much trouble. A small por- 
tion, H hile hot, is now filtered 
mloa test tube and tested for 
alkahnity ind then re-heated 
several times, watchmg if a 
cloudj ppt forms 

If the Quid reniams clear 
upon cooling, the remamderof 
the material can be filtered 
It must be accompli abed 
white hot, else the gelatine 
will coagulate and prevent 
further filtration 

This can be earned on 
either by keeping hot the so- 
lution continually in wal«r 
bath, and only filteringasmall 
quantity at a time through 
the filter, or keeping the filter 
itaelf hot, either with a hot 
water filter or placing the 
filter in steam cbeet (Fig 
23) 
Clonding of Gelatine. If the gelatine does not come out cleai, 

or becomes turbid on cooling, It may be due to several things— 

1. The liller-pnper too thin or impure. 

2. Too strongly alkaline. 

H. Cooked too long or not long enough. 

The addition of the white of an egg, as befora mentioned, will 
often clear it up; if this avails not, re-filtering several times, and 
attention to the few points mentioned. 
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Sterilizing the Oelatine. The gelatine is kept in little flasks 
or poured at once into sterile test-tubes, careful not to wet the 
neck where the cotton enters, lest when cool the cotton plug 
stick to the tube. 

The tubes are then placed in steam-chest for three successive 
days, 15 minutes each day (or in water-bath 1 hour a day for 
three days). Then set aside in a temperature of 15° to 2(P C, 
and if no germs develop and the gelatine remains clear, it can 
be used for cultivation purposes. 

ModificatioilS. The amount of gelatine added to the meat- 
water can be variously altered, and instead of making gelatine 
bouillon the gelatine can be mixed with milk, blood, serum, 
urine, and agar-agar. 

The nutrient gelatine bouillon can also receive additions in 
the shape of glycerine (4 per cent, to 6 per cent, being added), 
or reducing agents to take up the oxygen present. 

Agar-Agar. This agent, which is of vegetable origin, derived 
from sea-plants gathered on the coasts of India and elapan, has 
many of the properties of gelatine, retaining its solidity at a 
much higher temperature; it becomes liquid at 90° C. and con- 
geals again at 45° C. Gelatine will liquefy at 35° C. 

It is not affected very much by the peptonizing action of 
the bacteria. 

Preparation of Agar-Agar Bonillon or Nntrient Agar. The 

ordinary bouillon is first made, and then the agar cut in small 
pieces, added to the bouillon (15 grammes of agar to 1000 
grammes bouillon). 

It is allowed to stand several minutes until the agar swells, 
and then placed in water-bath or steam-chest for six hours or 
more. The reaction is taken, very little of the alkali being 
sufficient to neutralize it. 

A white of an egg added, and boiled for several hours longer, 
when, even if not perfectly clear, it is filtered. 

The filtering process, very difficult because of the readiness 
with which the agar solidifies, must be done in steam-chest oi 
with hot-water filter, and very small quantities passed through 
at a time, changing the filter-paper often. 
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Cotton can be used here instead of filler-paper, or filtering 
eulirely ilispeiiscd with by making use dimply of deeaiitutiuu. 

As agar is seldom clear, a little more or less opaqncnees will 
not harm. The test-tubee arc filled as with the gelatine, aiiO 
sturiUzed in the satue niaimer. While uooUiig, some of the 
tubes can be placed in a slanting position, so astool>tnina 1nr<:ur 
surface to work upon. 

Water of condensation will usually separate and settle at tliu 
bottom, or a little white sediment remain cm-yslcd in the centre ; 
tliis cannot easily be avoided, nor does it form cny stri'ius obstiide. 

The crude agar should tirst lie rinsed in clear water, and then 
in five per cent, acetic acid and clear water again, to rid it of ini- 

Olycerine Agar. The addition of 4 per cent, to 6 per cent, of 
glycerine to nutriiint agar greatly enhances Its value as a culture 
medium. 

Qelatine-Agar. A mixture of 5 per cent, gelatine and 0.75 

per cent, agar combines in it some of the virtues of both agents. 

Blood Serom. Blood serum being rich in albumen coagulates 

very easily at 7(F C, and if this temperature is not exceeded, 

a transimrent, solid substance U obtained 

FiQ. 24, upon which themajority of bacteria develop, 

and some with pi-eference. 

Preparation of Natrient Blood Serum. 
If the slaughter of the animal can be super- 
vised, it were best to have the site of the 
wound and the knife sterilized carefully, 
and then sterile flasks placed to receive the 
biood directly aa it flows. 

It is placed on ice forty-eight hours, and 
then the serum is drawn out with sterile 
pipettes into test-tubes; these are placed 
obliquely in an oven where the temperature 
ciin be controlled and maintained at a cer- 
tain degree. See Fig. 25. 

Incnbators or Brood-ovens. Incubators 

or hrnod-ovens, as such ovc;n3 are called, 

"""'"■ consist essentially of a double-walled zinc 

jr copper chest, Ihe space between the walls filled with water. 

The oven is covered with some impermeable material to pre- 
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venl the action of surroumiingalmoapUerii. (Fig. 26.) It is sup- 
plied with n tliermonieter and with a regulator. The regulator 




Thermoatat Ibr blood Berum. 

is connected witli the Bunsen burner, and keeps the thermometer 
at a certain heiglit 

There are several forms of regulators in use and new ones 
in vented eon tinu illy 

The size of tlif, fliine in some is regulated by the expansion 
of mercury, which, is it risc^ lessens the opening of the gaB 
supply. The ineitury contiactmg on tooling allows ruort, ^aa 
to enter again, (i ig, 27.) 

Koch has invented a safety burner, hy whieh the gas supply is 
shut off should the flame accidentally have gone out. 

Coagulation of Blood Sernm. The tubes of blood serum 
having l>ecn placed in the oven, are kept at a tempera- 
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ture of 65° to 68° C, nntil coagulation occurs ; then removed 
and sterilized. 




B)ibe^ lacubBtoT 



Sterilization of Blood Semm. The tubes are placed 3 to 4 
days in incubation at 58° C and those tubes which show any 
evidences of organic growth are discarded 

If now, at the end of a week the serum remains sterile at the 
ordinary temperature of the room, it can be used for experi- 
mental purposes. 

Perfectly prepared blood serum is transparent of a gelatine- 
like consistence, and stnw color It vsill not liquefy by heat, 
though bacteria can digest it Water of condensation always 
fbrms, which prevents the drjing of the serum 

Blood serum, formerly much more used than now, was especi- 
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ally applicable to the culture of tubercle bacilli. The glycerine 
agar has now superseded it. 

Human blood serum derived from placenta, serum from ascitic 
fluid, and ovarian cysts are prepared in a similar manner to the 
above. 

Other Nutrient Media. Milk, urine, decoctions of various 
fruits and plants, and lately for cultivating anaerobic bacteria, 
eggs. 

Fresh Egg Cultures, after Huppe. The eggs in the shell are 
carefully cleaned, washed with sublimate, and dried with cotton. 

The inoculation occurs through a very fine opening made in 
the shell with a hot platinum needle ; after inoculation, the 
opening is covered with a piece of sterilized paper, and collodion 
over this. 

Boiled Eggs. Eggs boiled, shell removed over small portion, 
and the coagulated albumen stroked with the material. (See 
Diphtheria.) 

Guinea-pig Bouillon. The flesh of guinea-pigs as well as that 
of other experiment-animals is used instead of beef in the pre- 
paration of bouillon, for the growth of special germs. 



CHAPTER X. 

. INOCULATION OP GELATINE AND AGAR. 

Olass Slide Cultures. Formerly the gelatine was poured on 
little glass slides such as are used for microscopical purposes, 
and after it had become hard, inoculated in separate spots as 
with potatoes. 

Test Tube Cultures. The gelatine, agar, or blood serum having 
solidified in an oblique position, is smeared on the surface with 
the material and the growth occurs, or the medium is punctured 
with a stab of the platinum rod containing the material. The 
first is called a stroke or smear culture^ the second a stab or thrust 
culture. In removing the cotton plugs from the sterile tubes to 
carry out the inoculation, the plugs should remain between the 
fingers in such a way that the part which comes in contact with 
the mouth of the tube will not touch anything. 

After the needle has been withdrawn the plugs are re-inserted 
and the tubes labelled with the kind and date of culture. 

Plate Cultures. Several tubes of the culture medium ar 
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nmde liquid by beating in water bath, and tlien inoculated with 
the material as follows . A looped platinum needle is dipped 
ioto the material and then shaken in the tube of liquid media, 
(gelatine, agar, etc.)- 

This first tube is called original. From this three drops (taken 
with the looped platinum rod) are placed in a second tube, llie 
rod being shaken somewhat in the gelatine or agar; this is 
labeled jfrst ditulwa (a colored pencil is useful for such markings). 




Usanet al holding tubee for I 



itan plugs. <Afler Woodbeul and 1 



re.) 



From the first dilution three drojis are taken into a third tul>e, 
wliich becomes the second dilution. Fig, 28. 

The plugs of cotton must be replaced after e:ich Inoculation, 
ind during the same must be carefuUj' protected from contami- 
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To hasten the pi'otedure anil lessen t)ie danger of contamina- 
tion, the tubes can be held in one hand aside of each other, each 




/^^ 



Manner or bolding pluga. 

plug opposite its tube. They are now ready for spreading on 
glass plates. 

OlasB Plates. The larger the surfiice over which the nutrient 
medium is spread the more isolated will 
the colonies be ; window glass cut in rec- 
tangular plates 6x4 inches in size is used ; 
about ten such plates are cleaned with dry 
towel and placed in a small iron box or 
wrapped in paper ; and sterilized in the 
hot-air oven at a temperature of 15(P C. 
for ten minutes, (Fig. 30.) When the 
plittes have cooled they are placed upon 
nti apparatus designed to cool and so- 
lidify the liquid media, which is now 
poured upon the plates from the inocu- 
lated test-tubes, 

Hivellier Leveling and Cooling Appara.tiu. Ice and water 
are placed in a shallow round glass tray ; on top of this a square 
plate of glass, upon which the culture plate is placed, and cov- 
ering this a bell-glass. 

The whole is upon a tow, wooden tripod, the feet of which 
can be raised or lowered, and a little spirit-level used to adjust 
it. (Fig. 31.) The glass plate taken out of the iron box is placed 
under the bell-glass. The tube contiiiiiing the gelatine is held 
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in IheflameaeecoDd to singe the cotton plug to free it from dust, 

and the plug removed, the edges of tlie tube agaia flamed, the bell- 
glass lifted, and the iuocuUited gelatine carefully jMurcd on the 
plate, leaving about one-third inch mai^ia from the borders ; the 

Fio. 31. 



A Mpiii 



lips of the tube bemg steiile can be used to spread the media 
evenlj'. If the plate is at all cool, the fluid will solidify as it is 
being spread. Tlie glass cover is replaced until the gelatine or 
agar is quite solid to prevent contamination. 




When the gelatine is congealed, the plate is placed upon a 
little-glass bench or stand in the moist chamber. 

The Moist GKnmbcr Prepared Out of Tmi Glass Dishes, as for 
the Potato-Cultures. ■ The glass benches are ao arranged that 
one stands upon the other. In order to avoid confusion, a slip 
of paper with a number written on it is placed on the bench be- 
neath each plate. As the original or first plate would have the 
colonies developed in greatest profusion, it is placed the first 
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Fig. 33. 




Petri saucers. 



day on the topmost bench ; but, since the colonies would be 
likely to overrun the plate and allow the gelatine to drop on the 
lower plates, it is best, as soon as evidences of growth appear, 
to place it below, and watch the third plate or second dilution 
for the characteristic colonies, forgetting not all this time to 
change the numbers accordingly. 

The date of culture and the name can be written upon the 
moist chamber. 

Petri Saucers. Agar hardens very quickly, even without any 
especial means for coolinsr, and it does 
not adhere very well to the glass. There- 
fore it is better to follow the method of 
Petri and use little shallow glass dishes, 
one covering the other. They are first 
sterilized by dry heat, and then the in- 
oculated gelatine or agar is poured into 
the lower dish, covered by the larger one, 
and placed in some cool place, different saucers being used for 
each dilution. 

This method is verj' useful for transportation ; the saucers can 
be viewed under microscope similar to the glass plates, and has 
in a manner superseded them. 

Esmarch's Tubes, or Rolled Cultures. This method, especially 
used in the culture of anserobic germs, consists in spreading the 
inoculated gelatine upon the inner walls of the test tube in 
which it is contained and allowing it to congeal. The colonies 
then develop upon the sides of the tube without the aid of 
other apparatus. The method is useful whenever a very quick 
!^nd easy way is required. The rolling of the tube is done under 
ice-water or running water from the faucet. The tube is held 
ahttle slanting, so as to avoid getting too much gelatine around 
the cotton plug. 

The tubes can be placed directly under the microscope for 
further examination of the colonics. 

KoTE.— The peptone nutrient gelatine, blood serum and agar 
can now be purchased already prepared, thus saving a great 
tleal of time and making unnecessary the purchase of consider- 
able apparatus. 
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CHAPTER XL 

THE GROWTH AND APPEARANCES OF COLONIES. 

Macroscopic. Depending greatly upon the temperature of 

the room, which should be about 
Fig. 34. 65° C, the colonies develop so as 

to be visible to the naked eye in 
two to four days. Some require 
ten to fourteen days, and others 
grow rapidly, covering the third 
dilution in thirty-six hours, The 
plate should be looked at each day. 
The colonies present various ap- 
pearances, from that of a small dot, 
Naked eye appearances of colonies, like a fly speck, to that resembling 

a small leaf. Some are elevated, 
some depressed, and some, like cholera, cup-shaped, umbilicated. 
Then they are variously pigmented. Some liquefy the gela- 
tine speedily, others not at all. The appearances of a few are 
so characteristic as to be recognized at a glance. 

Microscopic. We use a low-power lens, with the abbe nearly 
shut out, that is the narrowest blender. The stage of the 
microscope should be of such size as to carry a culture plate 
easily upon it. 

The second dilution or third plate is usually made use of, that 
one containing the colonies sufficiently isolated. 

These isolated ones should be sought for, and their appearances 
well noticed. 

There may be two or three forms from the same germ, the 
difference due to the greater or less amount of oxygen that they 
have received, or the greater or less amount of space that they 
have had to develop in. 

The microscopic picture varies greatly ; now it is like the 
gnarled roots of a tree, and now like bits of frosted glass ; the 
pictures are very characteristic, and the majority of bacteria 
can be told thereby. (Fig. 31.) 
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Iiiiin«idon or "Elatsch" Freparatloiu In order to more 
thoroughly ntudv a ceitam colony and to make a permanent 
specimen of the Bime we press a (.lean covei glass upon the 
particulti colony and it adhpres to tlie gliss It can then l>e 
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stained or examined so. The Germans give the name of 
"Klatsch" to su(;li pivparations. Many beautiful pictures can 
be so obtained. 

Fiatung. To obtain and examine the individunl memlwrs of 
a particular colony tliu process of fishing, ns it is called, is 
resorted to. 

The colony having been placed under the field of the micro- 
scope, a long platinum needle, the point slightly bent, is passed 
between the lens and the plate so as to be visible through the 
microscope, then turned downward until the colony is seen to 
be disturbed, and the needle is dipped into the colony. This 
procedure must be carefully done, lest a different colony be 
disturbed than the one looked at, and an unknown or unwanted 
germ obtained. 

After the needle has entered the particular colony, it is with- 
drawn, and the material thus obtained is further examined by 
staining and animal experimentation. The bacteria are then 
nn'ain cultivated by inoculating fresh gelatine, making slab and 
Ktroke cultures. 
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It is accessary to transfer the bacteria to fresh gelatine about 
every six weeks, lest tlie products of gi-owth and decay given 
off by the oi-gnuisms destroy them. 
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CHAPTER XII. 

CULTIVATION OF AN-«EOBIC BACTEaiA. 

Special mctliods are necessary for the culture of the anaerobic 
variety of bacteria iu order to procure a space devoid of oxygen. 
Several rneasures have been adopted of which the 
easiest and most serviceable are the following :— 

Liboriiu's High Caltnres. The tube is filled about 
f ftillwith gelatine, which is then steamed in a water 
bath and .allowed to cool to 40'^ C, when it is inocu- 
lated by means of a long plntinnin rud with small 
loop, the movement being a n>tary vertical one, nnd 
the rod going to the bottom of the tube. 

The gelatine is next quickly solidified under ice ; 
very little air is present. Tlie anferobic germs will 
grow from the bottom upward, and any terobins 
present will develop first on top, this method being 
one of isolation. 

From the anserobic germs grown in the lower part, 
a stab culture is made into another tube containing 
f gelatine, the material being obtained by breaking 
test-tube with the culture. 

Hette'l Method. A stab culture having been made 
with anterobic germs, gelatine in a semi-solid condi- 
tion is poured into the tube until it is full, thus dis- 
placing the air. |Fig. 38.) 
Esmarch's Method. Having inoculated a tube with the 
microbe the gelatine is rolled out on the walls of the tube, a 
"roll culture," and the rest of the interior filled up with gela- 
tine, the tube being held in ice water in the meanwhile. The 
colonies develop upon the sides of the tube and can be easily 
examined raicroscopically. 



method. 
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Oaaea like Hydrogen to replace the Oxygen. Several arm oge- 
ments for passing a atream of liycli'ogen through the culture : — 

Frankel puts in the test tube, a rubber cock uontaiQing two 
glass tub«B, one reaching to the bottom and connected witli a 
hydrogen apginratus, the other very short, botli bent at right 
iingles. When the hydrogen has passed through ten to thirty 
iiiinutes, the short tube is annealed and tlien the one in connec- 
tion with the hydrogen bottle, and the gelatine rolled out upon 
the walls of the tube. (Fig, 39.) Hdppe oaes f^;s aa described 
in Chapter IX. 

Via. 38. Fio, 39. Fia. 40. 




UBe of J&robic Bacteria to remove the Oxygen. Roux inouu- 
lates an agar tube through a needle thrust after which semi- 
aolid gelatine is poured in on top. When the gelatine lias solidi- 
fied, Ihe surface is inoculated with a small quantity of bacillus 
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subtilis or some other serobic germ. The subtilis does not allow 
the oxygen to pass by, appropriating it to itself. 

Bnchner*8 Method. The test tube containing the culture 
is placed within a larger tube, the lower part of which con- 
tains an alkaline solution of pyrogallic acid or some other agent 
which absorbs oxygen. The tube is then closed with a rubber 
stopper. (Fig. 40.) 



CHAPTER XIII. 

THE WAY IN WHICH BACTERIA AFFECT THE ANIMAL ORGANISM. 

Bacteria affect the animal organism by depriving the cells 
of the body of oxygen and nitrogen which they appropriate to 
themselves for their maintenance. 

They do more than this, however, for in their secretions and 
excretions the main potency lies. 

Ptomaines, or Cadaveric alkaloids, was the name first applied 
to those bodies formed during putrefaction, but now used for 
all alkaloids or bodies of a basic nature formed by bacteria. 
Many of these ptomaines when introduced into the body give 
rise to the same set of symptoms as the bacteria themselves do, 
so that we may say, bacteria affect the animal body chiefly thrmtgh 
certain toxic principles w/iich they prodMce and which can be isolated. 

Anti-toxins, Toxins, and Toxalbumens. Late researches 
claim two classes of products for bacteria — the one tosctc, and 
destroyed by heat ; the other anti-toxic, having a direct action 
upon the tissue and preventing further infection. Then pro- 
tcids or toxalbumens, products extracted from pure cultures, 
which, like ptomaines, produce symptoms similar to those of (ho 
l)ncieria itself. They are amorphous and have no basic action, 
giving, however, all the reactions of a proteid or albumen. 

Filtration of Cultures. These products are isolated from the 
culture after the bacteria themselves have been separated. 

A filter consisting of a cylinder of porcelain, asbestos or 
kaolin, through which the culture fluid passes, the bacteria 
remaining behind, is called the Pasteur-Chamberland filter. 
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(Fig. 41.) The culture can be forced through or allowed to filter 
slowly. 

The germless liquor is then treated with various agents, 
alcohol and acetic acid being that used for the toxalbumen of 
diphtheria, and a white amorphous powder is at length obtained. 
These agents have different effects in different doses, and are 
used also to establish an immunity. 

Anti-toxins are obtained by filtering through a Chaniberland 
filter the serum of animals made artificially immune. 

» 

They cause immunity when injected into other animals/or onro 
the already developed disease. The anti-toxins of pneumonia, 
tetanus, diphtheria, and erysipelas of swine have been isolated. 

Toxic Bacteria. Those bacteria which produce toxic agents 
outside of the body, and will not develop in the body, are 
called toxic hacteria. They are pathogenic only in the sense 
that their products, when accidentally introduced into the body, 
cause mischief. 

Infections Microbes. Those bacteria which can develop and 
do develop in the animal body, and there, generate products 
injurious to the same, are called infectious bacteria, or pathx)genic 
hojcteria. 

The Variations of Pathogenesis. The same animals under 
different circumstances can be differently affected by the same 
germ. 

The ordinary white mouse is not acted upon by the bacillus 
of glanders. 

If, however, glycosuria be produced in the mouse in any way, 
it speedily becomes attacked by the bacillus. 

Different animals are differently affected by the same germs. 
Ordinarily the white mouse is not acted upon by the bacillus of 
glanders, but the house mouse is at all times. 

Tiie bacterium may first become active when mixed with 
certain chemicals, it having been harmless before. 

Attenuation or Weakened Virulence. Bacteria can be les- 
sened in action either temporarily or permanently, or made in- 
active entirely without destroying them. There are the natural 
decay and loss of strength ; and successive cultivation in artificial 
media for a long time of the same germ also destroys its potency. 
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But artificial means can be used, such as the use of chemical 
agents added to the nutrient soil, or by passing the germ through 
animals who are in some sense immune, and are less affected than 
the animals for whom it is strictly pathogenic. 

Thus the bacillus of swine-erysipelas, which is quite virulent 
for pigs, when passed through rabbits loses much of its power, 
and again introduced into pigs will sicken them but slightly. 
Sunlight or any other agent that is destructive to germs will 
also weaken them when used cautiously. 

Heat is the surest agent to lessen the action. 

The longer it takes to produce the attentmtion, the more lasting it is. 

The grade of virulence will oftentimes remain through suc- 
cessive generations, 

Sonce of the attenuations have been named according to the 
animal that they will affect ; thus. Mice-anthrax is a culture of 
anthrax which has been exposed to a temperature of 42.6 C. for 
twenty days, and which will destroy nothing larger than mice. 
A culture exposed for ten days will kill nothing larger than 
rabbits, etc. 

The only explanation that can be given of attenuation is that 
the microbes, though similar in appearance, differ, in that the 
weaker ones give rise to less toxic products ; they have been 
exhausted. 

Nageli makes use of the simili of the sweet and bitter almond, 
the one poisonous, because it contains amygdalin, but both pos- 
sible to be borne on the same tree, and looking alike in every 
particular. 

The Resistance of the Animal Organism to Bacteria. The 
body is in some sense resistant to bacteria ; to some more, to 
others less ; and this resistance has been variously explained. 

Chemical Theory, The greater or less alkalinity of the blood di- 
minishing or increasing the virulence is the explanation of some. 

The Theory of the Action of the Sernm of the Blood. It has 
been lately shown that the serum of the blood has a direct in- 
hibiting action on all bacteria ; and this is directly dependent 
upon the quantity and quality of albumen in it. It was for- 
merly thought the salts of the blood were the main factors, but 
these only serve to keep the albumen in good condition. 
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The serum will binder the growth of germs, and when bac- 
teria are injected directly into llie lilood, they soon disappear. 
They cannot osmose; they collect in llie liver, spleen, and 
marrow of bones, and the corpuscles aid growtli. The semm 
of diETerent auinials acts differently upon tlie same microbe. 

Cellnlar Theory of Metschinkofil Tlie phagocytes, as be 
terms them, are auti-microbic. They are the soldiera which 
endeavor to destroy the enemy. If the cells are strong, they 
become the victors ; if the bacteria are stronger, the bacteria 
conquer and eat up the cells. 

But this theory though having m'^ny supporters is opposed 
on sufficient grounds the one reason bemg that whenever cells 
become the residence of live bacter a they suflLr and if Mets- 
chinkoff and otheis hn\e «een hacteiia direHlj enter cells and 



disappear, it is that they v 



destroyed befoie and that the 
kucocyles onl} acted as scav- 
engers (Fi„ 42 ) 

And the late researches 
with the semm of the blood 
freed of its cellular elements, 
and bemg duectly anti-bac- 
tenc would seem to place the 
ph^ocy tes m the background. 
The matter i" however, by 
no means settled 

To sum up we have patho- 
genic niiotohes such as give 
rise to products injurious to (he tnnnal oigimsm The infec- 
tious ones can o\ercoroe the natur-il resistance of the animal 
body and develop therein The bacteria can have this activity 
lessened or destroyed by agents which aie injurious lo their 
products, BO as to render them inactive 
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CHAPTER XIV. 

IMMUNITY. 

The natural or acquired power of resistance to bacterial 
influences is called immunity. 

Natural. As we have mentioned before, certain animals are 
naturally not acted upon by bacteria that affect other animals. 
We say the animal or person is immune by nature, 

Acqtdred. But immunity can be acquired by various means. 
We know that one case of smallpox usually protects against 
other attacks and so with morbilla and scarlatina. This is 
through disease. 

Acclimatization Immunity. Various diseases, which strangers 
to a climate become aflfected with, do not trouble the natives. 

Artificial Immunity. By the attenuated virus^ as with anthrax. 

Inoculations with sterilized cultures, the germs being destroyed. 
Even certain chemical substances when injected give immunity 
from certain germs, and when albumen prepared in certain ways 
was injected, immunity also obtained. 

Inoculations intravenously icith greatly diluted virulent cidtures 
(jive immunity. — The various theories which have been made to 
explain the phenomena of immunity are all unsatisfactory. Some 
say tnat a first attack destro3's the agents which are necessary for 
the disease to arise. Others say that certain bacterial products 
remain in the body, and prevent a return of the diseases — act as 
guards. Some recently claim that the soil is rendered unfit for 
the further development of the bacteria, after injection of some 
of the active principles of the bacterium. Some place it in 
the blood of the animals, it exerting a direct germicidal action. 

Alexins. The latest researches place the power of immunity 
in a certain principle called alexine {co^s^siv, to defend), which has 
its residence in the serum of the blood and tissues. This principle 
destroys the bacilli, and they in dying, give out proteids, causing 
the leucocytes to wander towards these proteids and digest the 
dying bacilli. The alexins are supposed to be produced by cells 
containing eosinephile granules. 
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Chemotaxis. This attraction of leucocytes towards bacteria 
by means of their chemical products is called chemotaxis* 

These proteids when injected by themselves, i. c, sterilized 
cultures, also produce chemotaxis. When the alexine is not 
stronor enough to destroy the bacterium it develops and finally 
destroys the action of leucocytes. 

Ihxines are repellant, producing a " negative chemotaxis." 

Cure of Infectious Diseases with Bacteria and their Products. 
Antagonism. It has been known, and is easily demonstrated, 
that the growth of one bacterium near another results often in 
the destruction of one, a direct antagonism existing. 

Rabbits suffering with anthrax were injected with large quan- 
tities of streptococcus of erysipelas (pyogenes), and a cure 
effected, those not so treated dying. 

Several other diseases have been so treated in animals with 
Interesting results. 

Toxalbumen Injections. When diphtheria is produced in 
animals, an injection of the toxalbumen of diphtheria will cure 
the same, and if injected first, diphtheria will not arise. 
Tetanus has been cured and prevented in a similar manner. 

Tuberculin. Dixon, in 1889, found, by injecting products of 
tubercle cultures in glycerine, that Guinea-pigs so treated, suffer- 
ing from tuberculosis, were cured ; control animals dying. Koch, 
in 1890, applied this method to man, but without success. 

Koch's Eules in Regard to Bacterial Cause of Disease. 
Before a microbe can be said to be the cause of a disease, it 
must— 

First. Be found in the tissue or secretions of the animal suf- 
fering from, or dead with the disease. 

Second, It must be cultivated outside of the body on artificial 
media. 

Third. A culture so obtained must produce the disease in 
question when it is introduced into the body of a healthy 
animal. 

Fourths The same germ must then again be found in the 
animal so inoculated. 
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CHAPTER XY. 

EXPERIMENTS UPON ANTMAL8. 

The smaller rodents and birds are the ones usually employed 
for inoculation, as rabbits, Guinea-pigs, rats and mice, and 
pigeons, and chickens ; sometimes monkeys. These are pre- 
ferred, because easily acted upon by the various bacteria, readily 
obtained, and not expensive. 

The white mouse is very prolific and easily kept, and is there- 
fore a favorite animal for experiment. It lives well upon a little 
moistened bread. A small box, perforated with holes, is filled 
partly with sawdust, and in this ten to twelve mice can be kept. 
When the female becomes pregnant she should be removed to 
a glass jar until the young have opened their eyes, because the 
males, which have not been raised together, are apt to attack 
each other. 

Oninea-pigS. When Guinea-pigs have plenty of light and 
air they multiply rapidly. Therefore it is best to have them in 
some large stall or inclosure. They can be fed upon all sorts of 
vegetables and grasses, and require but little attention. 

Methods of Inoculation. L Inhalation, — Imitating the natural 
infection, either by loading an atmosphere with the germs in 
question or by administering them with a spray. 

IL Through Skin or Mucous Membrane. 

III. Witii the Food. 

Method of Cutaneous Inoculation. The ear of mice is best 
suited for this procedure. A small abrasion made with the 
point of a lancet or needle, which has been dipped in the virus. 
The animal is then separated from the rest and placed in a 
glass jar, which is partly filled with sawdust and covered with 
a piece of wire-gauze. 

Subcutaneous. The root of the tail of mice is used for this 
purpose. The hair around the root of the tail is clipped off, 
and with a pair of scissors a very small pocket is made in the 
subcutaneous connective tissue, not wounding the animal any 
more than absolutely necessary, avoiding much blood. The 
material is placed upon a platinum needle and introduced into 
the pocket, solid bodies, with a forceps. 

To hold the mouse still while the operation is going op « 
little cone made of metal is used. The mouse just fits in 1 
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There is a slit along the top in which the tail can be fastened, 
and thus the animal is secure and immobile. 

Intravenous Injections. Babbits are very easily injected 
through the veins. Mice are too small. 

The ear of the rabbit is usually taken. It is first washed with 
1-2000 bichloride, which not only disinfects, but also makes thr 
vessels appear more distinct. The base of the oar is compressed 
to swell the veins. Then a syringe, like the one used for the 
injection of *' tuberculine," a Koch syringe, which can be easily 
sterilized, is filled with the desired amount of virus and slowly 
injected into any one of the more j)rominent veins present. 
(Fig. 43.) 

Intra-peritoneal Injection. This is used with Guinea-pigs 
mostly. The abdominal wall is pinched up through its entire 
thickness, and the needle of the syringe thrust directly through, 
so that it appears on the other side, then the fold let go, the 
needle withdrawn just far enough so as to be within the cavity. 

Inoculation in the Eye. The anterior chamber and the cornea 
are the two places used. The rabbit is fixed upon a board ; 
the eyelids held apart and head held still by an assistant. A 
small cut is made in the cornea, a few drops of cocaine having 
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Manner of making intravenous injections in the rabbit. 
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first been introduced in the eye. The material is passed 
through the opening with a small forceps, and with a few strokes 
of a spoon it is pushed in the anterior chamber. 

For the cornea a few scratches made in the corneal tissue 
will suffice ; the material is then gently rubbed in. 

Inocnlation of the Cerebral Hembranes. Tlie skin and 
aponeurosis cut" through where the skull is the thinnest. Then 
the bone carefully trephined, and the dura exposed. In Babies 
inoculation, the syringe containing the hydrophobic virus pierces 
the dura and arachnoid, and the virus is discharged beneath the 
latter. 

Intra-Tracheal. The bacteria can be introduced directly into 
the trachea, thus coming in contact with the lungs. 

Intra-duodeiLal. — Cholera germs are injected into the intes- 
tines after they have been exposed, by carefully opening the 
abdomen. This is done in order to avoid the action of the 
gastric juice. 

Obtaming Material from Infected Animals. The animal 
should be skinned, or the hairs plucked out, before it is washed, 
at least the portion where the incision is to be made. Then the 
entire body is washed in sublimate. Two sets of instruments 
are required, one for coarser and one for finer work : the one 
sterilized in the flame ; the other, to prevent being damaged, 
heated in a hot air oven. 

The animal, the mouse for example, is stretched upon a board, 
a nail or pin through each leg, and the head fixed with a pin 
through the nose. The skin is dissected away from the belly 
without exposing the intestines. Then the ribs being laid bare, 
the sternum is lifted up, and the pericardium exposed. A pla- 
tinum needle dipped into the heart after the pericardium has 
been slit will give sufficient material for starting a culture. If 
the other organs are to be examined, further dissection is made. 
If the intestines were first to be looked at, they would be laid 
bare first. 

In this manner material is obtained, and the results of inocu- 
lation noted. 

Frequent sterilization of the instruments is desirable. 
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CHAPTER I. 

NON-PATHOGENIC BACTERIA. 

Special Bacteriology. Under this head the chief character- 
istics of individual bacteria will be detailed, pathogenic and non- 
'paihogenic being the main divisions. It is usual to describe the 
non-pathogenic first. 

Non-Pathogenic Bacteria. We can give but a few of the more 
important varieties. 

Bacillus Frodigiosns. (Ehrenberg.) This bacillus, formerly 
called a micrococcus, is very common, and one of the first 
noticed, because of the lively red color it forms on vegetables 
and starchy substances. "The bleeding host," miracles being 
due to it. 

J^orm.— Short rods, often in filaments, without spores. 

Immobile, — Has no automatic movements. 

Facultative arweroUc^ that is, it can grow without air ; but 
the pigment requires oxygen to show itself. 

Growth, Gelatine. Liquefy rapidly. 

Colonies.— At first white, round points with smooth edge 
appearing brown under microscope, but soon changing to red. 

Stab Cultures. — The pigment develops on the surface, the 
growth occurring all along the line. 

Foiaio is well suited to the growth, the pigment developing 
after twelve hours. Agar and blood serum growths do well. 

Temperature.— Gvovi^ best at 25° C. 

Varieties. — By exposure to heat of brood-oven during several 
generations the power to produce pigment can be temporarily 
abolished. 

(74) 



non-pathoqbnic bacteria. 



75 



The PigmfnL—A pigment-form iDg body is created by the 
bacillus, nnd the actioa of oxygen upon it proilucee the color. 
It is insoluble in water, slightly soluble in alcohol and ether ; 
acids fade it, alkalies restore the color. 

Oases.— A triraethylauain odor arises from all cultures. 

Slain.— Takes all aniline dyes easily in the ordinary way. 

BacUluB Indiciu, (Koch.) 

Syn. Micrococcua Indicus. Origin. — Found in the stomach of 



n India 



ape. 



Jl*rm.— Short rods with rounded ends. No spores, Auto- 
mattc tnovemetUs present ; facultative aruerobtn. 

Qroicth. Gelatine.— Liquefy rapidly. 

tfeionies.— Round, or oval, granular mai^ins ; brilliant red 
pisment. 

Utah Oullures.—On the surface the pigment shows itself. 
Gro\vs well on other media. 

Temperaiure.— Grows best at 35° C. 

Actiim Oft Animals.— la very lai^ quanlities, if injected into 
tlie blood, a severe and fatnl gastro- 
enteritis can be produced. ^"* ** 

Stain.— Takes all dyes. 

Bacillas Hes^tericoB Vnlgfttiu. 

Tlie common potato bacillus of 
FlUtjge. 

ira&iffit— Surfece of the soil, on 
)H>tatoes, and in milk. 

Ibrm.— Small thick rods with 
rounded ends, often in pairs. 

Properties. — Very motile ; pro- 
duce abundant spores ; liquefy 
gelatine ; dlastatic action. 

GroutWi.— Rapid, 

Plate Ckilonie.1. — Bound, with transparent centre at first, then 
becoming opaque. The border is ciliated ; little projections 
evenly arranged. 

Potato.— A white covering at first, which then changes to a 
rough brown skin ; the skin can he detached in long threads. 

Ten^perature.— Spores at ordinary temperatures. 




Colony of Bar II' 
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/Spores.— Are very resistant ; are colored in the manner de-' 
scribed in first part of the book for spores in general. 

Bacillus Megaterinm (de Bary). 

Origin,— ■'Found on cooked cabbage. 

Form. — Large rods, four times as long as they are broad, 
2.5 /tt. Thick rounded ends. Chains with ten or more mem 
bers often formed granular cell contents. 

Properties. — Abundant spore formation ; very slow movement ; 
slowly dissolves gelatine. 

6?row?t/i.— Strongly airobic ; grows quickly, and best, at a tem- 
perature of 2(P C. 

Plate Colonies.— Small, round, yellow points in the depth of 
the gelatine. Under microscope irregular masses. 

Fig. 45. 




Bacillus Megaterium, with spores. 



Stah OwZiMre.— Funnel-shaped frdm above downwards. 
PotcUo, — Thick growths, with abundance of spores. 
Bacillus Ramosus. 

Syn. Bac, Mycoides (Fliigge). Wvrzel or root hadllus. 

Origin. — In the upper layers of garden or farm grounds, and 
in water. 

J^orw.— Short rods, with rounded ends, about three times 
as long as they are thick ; often in long threads and chains. 
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Properties, — Large, shining, oval spores ; a slight movement ; 
liquefy gelatine. 

Growth,— At ordinary temperatures, with plentiful supply of 
air. 

Plate Colonies, — Look like roots of an old tree gnarled together, 
radiating from a common centre. On surface soon liquid. 

Stab Culture.— Soon a growth occurs along the needle track, 
and the whole resembles a pine tree turned upside down. The 
gelatine then becomes liquid, a thin skin floating on top, and 
small flakes lying at the bottom. 

Stroke Culture. — Feathery resemblance is produced. 

Staining. — Spores stain readily with the ordinary spore stain, 

Ba€teriam Zopfi. (Kurth.) 

Origin, — Intestines of a fowl. 

Form. — Short thick rods forming long threads coiled up, 
which finally break up into spores, which were once thought to 
be micrococci. 

Properties. — Very motile ; does not dissolve or liquefy gela- 
tine. 

GroioUi. — In thirty hours abundant growth; mrobic; grows 
best at 20O C. 

P/ate5.— Small white points which form the centre of a very 
fine netting. With high power this netting is found composed 
of bacilli in coils, like braids of hair. 

Excellent impress or *'Klatsch" preparations are obtained 
from these colonies. 

/Stowiiwgf.— Ordinary dyes. 

Bacillus Subtilis. (Hay Bacillus.) Ehrenberg. 

Origin. — Hay infusions ; found also in air, water, soil, fseces, 
and putrefying liquids. 

Form. — Large rods, three times as long as broad ; slight 
roundness of ends, transparent ; seldom found singly ; usually 
in long threads. Flagella are found on the ends. Spores of 
oval shape, strongly shining, very resistant. 

Properties.— Yery motile ; dissolves gelatine. 

Growth. — Rapid ; strongly serobic. 

Plate. — Round, gray colonies, with depressed white centre. 
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Under microscope the centre yellow ; the periphery like a wreath, 
with tiny little rays projecting ; very characteristic. 

Potato. — A thick moist skin forms in twenty -four hours. 

Staining.— "Rods, ordinary stain, spores^ spore stain. 

It is easily obtained by covering finely cut hay with distilled 
water, and boiling a quarter of an hour. Set aside forty-eight 
hours. A thick scum will show itself on the surface composed 
of the subtilis bacilli. 

Bacillus Spinosos. (Liideri tz. ) 

Called spinosus because small spine-like processes are formed 
by the colonies. 

Origin, —In the juices of the body of a mouse and guinea-pig 
which were inoculated with garden earth. 

J^orm. —Large rods, straight, some slightly bent, ends rounded ; 
often in long threads. 

Properties.— Large spores, the bacillus enlarging to allow the 
spores to develop ; very motile ; gelatine slowly liquefied. A 
gas is formed in the culture having an odor like Swiss cheese. 

Growth, — The growth occurs at ordinary temperatures only 
when the oxygen is excluded. Very strongly anserobic. Glu- 
cose added to the gelatine (1 to 2 per cent.) increases the nutri- 
tive value. 

Colonies in roll cultures and high stab cultures appear as little 
spheres surrounded by a zone of liquefied gelatine. In the 
deeper growths thorn-like projections or spines develop pro- 
ceeding from a gray-colored centre. 

Staining, —With ordinary methods. This bacillus, being 
strongly anaerobic, must be cultured with the usual care taken 
with anserobins. 

Some Bacteria found in Milk. Bacillus Acidi Lactici. 

(Htippe.) 

Origin, — In sour milk. 

i^orm.— Short thick rods, nearly as broad as they are long, 
usually in pairs. 

Properties.— Immotile. Spores large shining ones. Do not 
liquefy gelatine. Breaks up the sugar of milk into lactic acid 
and carbonic acid gas, the casein being thereby precipitated. 

Qrowth. — Slow; is facultative angerobic. Grows first at 1(PC. 
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Plate Colonies, — First small white points, which soon look like 
porcelain, glistening. Under microscope the surface colonies 
resemble leaves spread out. 

Slab Culture, — A thick dry crust with cracks in it forms on the 
surface after a couple of weeks. 

Attenuation. — If cultured through successive generations, they 
lose the power to produce fermentation. Several other bacteria 
will give rise to lactic acid fermentation ; but this especial one 
is almost constantly found, and is very wide- spread. 

In milk, it first produces acidity, then precipitation of casein, 
and finally, formation of gases. 

A bacillus described by Grotenfeldt, and called Bacterium 
Acidi Lactici, forms alcohol in the milk. It was found in milk 
in Bavaria. 

Badllus Butyricas. (Hiippe.) 

Tins bacillus causes butyric acid fermentation. 

Origin. — Found in milk. 

i^orm.— Short and long thin rods with rounded ends; large 
oval spores, seldom forming threads. 

Properties. — Very motile ; liquefies gelatine rapidly ; produces 
gases resembling butyric acid in odor. In milk it coagulates the 
casein, decomposes it, forming peptones and ammonia, with a 
bitter taste, and butyric acid fermentation. An alkaline reaction. 

Growth, — Quickly, at 35^^ to 40P C, with oxygen. Spons very 
resistant. 

Colonies. Plate. — Small yellow points which soon run together, 
becoming indistinguishable. 

Stah Culture.— A small yellow skin formed on the surface with 
delicate wrinkles ; cloudy masses in the liquefied portion. 

Staining.— With ordinary stains. 

Bacillus Amylobacter (Van Tiegham) ; or, Clostridinm Buty- 

ricum. (Prazmowsky.) (Vibrion butyrique of Pasteur.) 

Ori^n.— Found in putrefying plant-infusions, in fossils, and 
conifera of the coal period. 

J^orm.— Large, thick rods, with rounded ends, often found in 
chains. A large glancing spore at one end, the bacillus becoming 
spindle-shape in order to allow the spore to grow ; hence the 
name Clostridium. 
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Fig. 46. Properties.— Yevy motile ; gases arise 

with butyric smelL In solutions of sugars, 
lactates and cellulose-containing plants, 
and vegetables, it gives rise to decomposi- 
tions in which butyric acid is often formed. 
Casein is also dissolved. 

Like granulose, a watery solution of 
iodine will color blue some portions of the 
bacillus ; therefore it has been called amy- 
lobacter. 

Growth, — It is strongly anserobic, and 
has not yet been satisfactorily cultivated. 

Bacillus Lactis Cyanogenus. Bacterium 

Bacillus Amylobacter. Syucyanum, (Hiippe.) 

Oriytn. —Found in blue milk. 

Form, — Small narrow rods about three times longer than they 
are broad ; usually found in pairs. The ends are rounded. 

Properties, — They are very motile ; do not liquefy gelatine*, 
form spores usually in one end. A bluish-gray pigment is formed 
outside of the cell, around the medium. The less alkaline the 
media the deeper the color. It does not act upon the milk other- 
wise than to color it blue. 

Growth, — Grows rapidly, requiring oxygen. Colonies on plate. 
Depressed centre surrounded by ring of porcelain-like bluish 
growth. Dark brown appearance under microscope. 

Stab Culture. — Grows mainly on surface ; a nail-like growth. 
The surroundinsc sjelatine becomes colored brown. 

Potato. — The surface covered with a dirty blue scum. 

Attenuation. — After prolonged artificial cultivation loses the 
power to produce pigment. 

Staining, — By ordinary methods. 

Bacillus Lactis Erythrogenes. Bacillus of Bed Milk. (Hiippe 
and Grotenfeldt.) 

Origfiw.— Found in red milk, and in the faeces of a child. 

Ji^wm.— Short rods, often in long filaments, without spores. 

Properties.— Doe^ not possess self-movement. Forms a nause- 
ating odor ; liquefies gelatine. Produces a yellow pigment which 
can be seen in the dark, and a red pigment in alkaline media, 
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away from the light. In milk it produces the yellow cream on 
top of the hlood-red serum, or, tiuid in the centre, and at the 
bottom the precipitated casein. 

Orowth, — Grows rapidly in bouillon and on potatoes ; slower 
on the other media;P?afes. A cup-like depression in the centre 
of the colony, with a pink coloration around it, the colony itself 
being slightly yellow. 

Stah Culture, — The growth mostly on surface. The gelatine 
afterwards colored red and liquefied. 

Potato, — A golden yellow pigment formed at 37° C, after six 
days. 

Some Non-Pathogenic Bacteria found in Water. The bacteria 
found here are very often given to producing pigments or phos- 
phorescence, and are in great number. The more common ones 
only will be described. 

Badllns Violacens. 

Origin. — Water. 

Form, — A slender rod with rounded ends, three times as long 
as it is broad, often in threads ; middle-sized spores. 

Properties. — Very motile ; forms a violet-blue pigment, which 
is soluble in alcohol, and depends upon oxygen for its growth. 
Rapidly liquefies gelatine, but not agar. 

Orovoih, — Grows fairly quick, is facultative anserobic. 

Cultures on Plate, — At first the colonies look like inclosed air- 
bubbles. Low power shows irregular masses, with a centre 
containing the pigment and a hairy-like periphery. 

Stab CuZtMre.— Cone- like liquefaction containing air, and the 
pigment, in separated granules, lying towards the bottom. 

Stroke Culture on Agar,— A violet, ink-like covering which 
remains for years. 

Bacillus Coeruleus. (Smith.) 

Origin, — Schuylkill water. 

Form, — Very thin rods ; 2.5 fi, long, 0.5 fi, wide ; often in 
threads ; spores were not found. 

Properties, — Liquefies gelatine; produces a very deep-blue 
pigment. 

Qrowih, — Slowly, with oxygen, at ordinary temperature. 

Plate. — ^Bound colonies on the surface of bluish color. 
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'Stalb CuUurea. — A cup-shaped liquefaction along the needle 
thrust, with a sparse growth, the liquefied portion appearing 
hlue. 

Fluorescent Bacteria. Several kinds present in water. 

Bacillus Erythrosporos. (Eidam.) 

Origin. — Drinking water and putrefying albuminous solutions. 

Form. — Slender rods often in short threads, with spores of 
oval shape, and appearing as if stained with fuchsin. 

Properties, — Motile ; does not dissolve gelatine ; produces a 
greenish-fluorescent pigment which appears yellow in reflected 
light, but green on transmitted light. 

Growth, — Somewhat quickly ; facultative anaerobic ; growth 
only at ordinary temperatures. 

Plates. — White colonies, with greenish-yellow fluorescence 
around each colony. Under microscope the periphery appears 
radiated. 

Stab Cultures.— Good growth along the needle thrust ; the 
whole gelatine gives out the fluorescence. 

Bacillus Fluorescens LiquefEudens. 

Origin, — Water, and from conjunctival sac. 

Form. — Very fine little rods ; no spores. 

Properties. — Motile ; forms a greenish-yellow fluorescent pig- 
ment ; liquefies gelatine. 

6?roi(;t/i.— Rapid only at ordinary temperatures, and strongly 
serobic. 

PZates.— Round colonies, cup-shaped depressions, the solid 
gelatine that remains becoming colored with greenish-yellow 
fluorescence. 

Stab Culture. — On the surface, air-bubble depressions ; the 
white colonies in the bottom of these depressions, and the solid 
gelatine around the inoculation shining with the fluorescence. 

Phosphorescent Bacteria. Six varieties of phosphorescent 
bacteria have been described ; they are found usually in sea- 
water, or upon objects living in the sea. 

Badllus Phosphorescens Indicus. (Fischer.) 

Origin. — Tropical waters. 

Ji^jrw. — Thick rods, with rounded ends, sometimes forming 
long threads. 
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Properties, — Very motile ; liquefying gelatine at a tempera- 
ture of 25^ to 3(P C, with oxygen and a little moisture, and in 
the dark, a peculiar electric-blue light develops a phosphores- 
cence. 

Growth. — Slowly ; must have oxygen ; does not grow under 
IQo C. or over 50° C. 

Plates, — Little round, gray points, which under low power 
appear as green colonies with reddish tinge around them. 
Cooked fish, when smeared upon the surface with a little of the 
culture, show the phosphorescence most marked. Grows well 
on potatoes and blood-serum. 

Bacillus Fhosphorescens Indigenus. (Fischer. ) 

Chi^gin, — Waters in the northern part of Germany. It differs 
from the Indian bacillus, in that it grows at a temperature of 
50 C, and does not develop upon potatoes or blood-serum. 

Badllus Fhosphoresoens Oelidus. (Fbrster.) 

Origin.— Surfaces of salt-water fish. 

i^orm.— Short, thick rods, looking oval sometimes ; zoogloea 
are often formed. 

Properties. — Motile ; does not liquefy gelatine ; a beautiful 
phosphorescence from the surface of fish ; it can be photographed 
by its own light. 

Colonies. — Grows best between 0° and 2(P C. ; grows slowly, 
and mostly on the surface. The material must contain salt. 
A bouillon made with sea-water, or 3 to 4 per cent, common 
salt will suffice. The colonies appear as those of the Fhospho- 
rescens Indicus. 

Fresh herring laid between two plates will often show phos- 
pliorescence in twentj^-four hours. 

The other three varieties require glucose in the culture before 
they give out any glow. They are Bacterium Pfluyeri, Bact, 
Pischeri, and Bact. Baltfcum. They do not dissolve gelatine. 

Several very indistinct species, found in waters from factories 
and in some of the mineral waters, deserve yet to be men- 
tioned. They have been given various names by observers ; 
almost a new classification created. Such are the crenoihrix, 
dadoihrix^ and beggiatoa. 
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Crenothrix Kuhniana. (Rabenhorst.) Long filaments joined 
at one end ; little rod-like bodies form in the filaments ; and 
these break up into spores. 

Zoogloea are also formed by means of spores ; and these can 
become so thick as to plug up pipes and carriers of water. 
They are not injurious to health. 

Cladothrix Dichotoma. (Cohn.) Very common in dirty 
waters. The filaments branch out at acute angles, otherwise 
resembling the crenothrix ; accumulations of ochre-colored 
slime, consisting of filaments of this organism, are found in 
springs and streams. 

Beggiatoa Alba. (Yancher.) The most common of this 
species. The distinction between this and the preceding species 
lies in the presence of sulphur granules contained in the struc- 
ture, and hence they are often found where sulphur or sulphides 
exist ; but where the remains of organic life are decomposing 
they can also be found. 

Several large spirilla and vibrio live in bog and rain-water, 
but our space does not suffice to describe them. 

Bacterinm TJresB. 

Origin, — Decomposed ammoniacal urine. 

Form, — Thick, little rods, with round ends one-half as thick 
as they are long. 

Properties.— Does not dissolve gelatine; changes urea into 
carbonate of ammonia. 

Growth,— At ordinary temperatures, very slowly. In two days 
on gelatine very minute points, which in ten days have the size 
of a cent. The colonies grow in concentric layers. 

MicrocooCTis TJresB. (Pasteur and Van Tieghain.) 

Origin. — Decomposed urine and in the air. 

Form. — Cocci, diplococci, and steptococci. 

Properties. — Decomposes urea into carbonate of ammonia ; 
does not liquefy gelatine. 

Growth,— Grows rapidly, needing oxygen; can remain sta- 
tionary below (P C. ; growing again, when a higher temperature 
is reached. 

Colonies on Plate.— On the surface like a drop of wax. 
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Stab Cultures. — Looks like a very delicate thread along the 
needle thrust. 

Spirillum. Spirillum Rnbmm. (Esmarch.) 

Origin. — Body of a mouse dead with septicsemia. 

i^ljrm.— Spirals of variable length, long joints, flagella on each 
end ; no spores. 

Properties. — Does not liquefy gelatine ; very motile ; produces 
a wine-red pigment, which develops only by absence of oxygen. 

Growth. — Can grow with oxygen, but is then colorless ; grows 
very slowly ; ten to twelve days before any sign ; grows best at 

370 C. 

Oelatine Boll Cultures. — Sm^W^ round; first gray, then wine- 
red colonies. 

Stab Cultures. — A red -colored growth along the whole line ; it 
is deepest below, getting paler as it approaches the surface. 

Spirillum Concentricum. (Kitasato. ) 

Origin. — Decomposed blood. 

Fm-m. — Short spirals, two to three turns, with pointed ends ; 
it has flagella on the ends. 

Properties. — Very motile ; does not liquefy gelatine. 

Growth. — Very slow ; mostly on the surface ; best at ordinary 
temperatures. 

Plates. — A growth of rings concentrically arranged, every 
alternate one being transparent ; the furthest one from the 
centre possessing small projections. 

Stab Cultures. — Growth mostlv on the surface. 

Sarcina. Cocci in cubes or packets of colonies. A great 
number have been isolated ; many producing very beautiful 
pigments. The majority of them found in the air. 

Sardna Lutea. (Schroter. ) 

Origin.— Air. 

Fofm. — Yeiy large cocci in pairs ; tetrads and groups of 
tetrads. 

Propei'tifs, — Liquefies gelatine slowly ; produces sulphur-yel- 
low pigment. 

Growth. — Slowly ; at various temperatures ; strongly serobic. 

Plates. — Small, round, yellow colonies. 

Stnb Cultures. —Grows more rapidly, the growth being nearly 
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all on the surface, a few separated colonies following the needle 
thrust for a short distance. Agar^ a very beautiful yellow, 
along the stroked surface. 

Sarcina Aurantica. — Flava, roseo.^ and aiha are some of the 
other varieties. Many are obtained from beer. 

Sarcina Ventriculi. (Goodsir. ) 

Origin, — Stomach of man and animals. 

Form, — Colorless, oval cocci, in groups of eight and packets 
of eight. 

Properties. — Does not liquefy gelatine ; shows the reaction of 
cellulose to iodine, 

Ghrowth. — Rapid. At end of thirty-six hours, round, yellow 
colonies, from which colorless cocci and cubes are obtained. 

HahiUit. — They are found in many diseases of the stomach, 
especially when dilatation exists. 



CHAPTER II. 

PATHOGENIC BACTERIA. 

We have divided this part into two portions. 

I. Those bacteria which are pathogenic for man and other 
animals. 

II. Those bacteria which do not affect man, but are patho- 
genic for the lower animals. 

Here again it will only be possible to give the more impor- 
tant bacteria ; there are many diseases in which micro-organisms 
have been found, but they have not yet been proven as causa- 
tive of the disease, and have also been found in other diseases. 
We cannot treat of them here. 

Bacillus Anfhracis. (Bayer and Davaine.) — Bayer and Da- 
vaine, in 1850, first described this bacillus ; but Pasteur, and 
later Koch, first gave it the importance it now has. 

Synonyms — Bacteridie du charbon (Fr.), Milzbmnd bacillus 
(German) ; bacillus of splenic fever, or malignant pustule. 

Origin. — In blood of anthrax-suffering animals. 
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Jbrm.— node of variable length, nearly the size of a human 
blood-eorpuscle, broad cup-shaped ends; in bouilton cultures, 
long threads are formed, with Utrge oval ^>m'ei'. 




Prqperiws.— Liquefies gelatine ; immotile ; the spores are very 
resisting, living twenty years. 

ffroietA,— Grows rapidly, between 12° C and 45° C, and re- 
quires plenty of oxygen, not growing without it ; grows well in 
all media. 

Plates of Oelatine. — Colonies develop in two days, white shiny 
spots, which appear under microscope as slightly yellowish 
granular-twisted balls, like a ball of yarn ; each separate string 
or hair, if looked at under high power, being composed of bac- 
teria in line. 

SUA Cultures.— A white growth with thorn-like processes along 
the needle-track ; later on, gelatine liquelied, and flaky masses 
at the bottom. 

Potato.— -A dry creamy layer, and when placed in brood-oven, 
rich in spores. 
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VaTteties, Asporogenk.— 'By cultivittioD in gelatine, contain- 
ing 1 to 1000 ac-carbolic, a variety develop that cannot produce 
spores. Also involution forma^ difiering from the usual type. 



fcr* 



\^ 



Staining. — They rcadil} take all the aniline dyes with the 
ordinary methods To bung out tlie tup-ahaped concave ex- 
tremities, ft verj weak «atery solution of metlivhn blue is best. 

Spores are stained by the usual method. When several bacilli 
are joined together, the place of their joining looks like a spore 
because of the hollowed ends. The double staining will develop 
the difference. 

Seitions of tinDiie are stained according to the oi'dinary 
metlnHls, taking Onim's method very nicely. 

PathoyenesU. — When mice are inoculated with anthrax mate- 
rial through a wound in tlic skin, they die in twenty-foui' hours 
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from an active septicaemia, the point of inoculation remaining 
unclianged. The following appearances then present them- 
selves : — 

Peritoneum, — Covered with a gelatinous exudate. 

Spleen. — Very much swollen, dark red, and friable. 

iiuer. —Parenchymatous degeneration. 

Blood. — Dark red. The bacilli are found wherever the capil- 
laries are spread out, in the spleen, liver, intestinal villi, and 
glomeruli of kidney, and in the blood itself. Only when the 
capillaries burst are they found in the tubules of the kidney. 

Mode of Entrance. — The bacilli can be infialed^ and then a 
pneumonia is caused, the pulmonary cells containing the bacilli ; 
when the spores are inhaled, a general infection occurs. 

Feeding.— The cattle graze upon the meadows, where the 
blood of anthrax animals has flowed and become dried, the 
spores remaining, which then mix with the grass and so enter 
the alimentary tract ; here they then cause the intestinal form 
of the disease, ulcerating through the villi. 

Local Infection. — In man usually only a local action occurs ; by 
reason of his occupation — wool-sorter, cattle-driver, etc., he 
obtains a small wound on the hand, and local gangrene and 
necrosis set in. 

Pnewnonia by inhalation can also occur in man. 

Susceptibility of Animals. — Dogs, birds, and cold-blooded ani- 
mals affected the least ; while mice, sheep, and guinea-pigs 
quickly and surely. 

Products of Anthrax Bacilli. — A basic ptomaine has not been 
found, but a toxalbumen or proteid, called anthraxin^ has been 
obtained. A certain amount of acid is produced by the virulent 
form, alkali by the weak. 

Attenuation and Immunity.— Cultures left several 'days at a 
temperature between 40° and 42° C. soon become innocuous, and 
when injected into animals protect them against the virulent 
form. 

The lymph obtained from lymph-sac of a frog destroys the 
virulence of anthrax bacilli and spores temporarily. 

Haukin obtained an alexin from the blood and spleen of rats, 
they being naturally immune. It destroyed the anthrax bacilli 
in vitro, and used by injection in susceptible animals made them 
immune. Il la insoluble in alcohol or water. 
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Protective Vaccination. — Animals have been rendered immune 
by various ways — by inoculation of successive attenuated cul- 
tures ; also with sterilized cultures — that is, cultures containing 
no bacilli, and with cultures of other bacteria. 

Habitat. — The anthrax disease seems confined to certain dis- 
tricts in Siberia, Bavaria, and Auvergne, and mainly during the 
summer months. 

The bacillus has never been found free in nature. 

Bacillus Tuberculosis. (Koch. ) 

This very important bacillus was first described, demonstrated, 
and cultivated by Koch, who made his investigations public on 

Fio. 50. 



^- 
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Tubercle bacilli in sputum, carbol-fuchsin, and mettaylin blue. Zeiss 1:12 oil 

immersioD. 



the 24th of March, before the Physiological Society of Berlin, 
in the year 1882. 

Orifjin,— In various tubercular products of man and other 
nnimalp. 
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flffTB.- Very slemJer rods, nearly Etraight, abont one-quarter 

the size of a red corimacle's diameter, tlieir enda rounded, ubu- 
«!ly solitary, oflen, however, lying in pairs in such a manner as 
to form an acute angle. Sometimes tiiey are 'S'-sliaped, In 
colored preparations little oval spaces are seen in the i-od, whicli 
resemble spores ; but the question of the existence of spores is 
stilt undecided. 

Properties.— Does not possess self-movement. 

Groujth.— Requires special media for its gniwth, and a temper- 
ature varying bnt slightly from 37.5* C. It grows slowly, de- 
veloping first alter ten days, reaching its maximum in three 
weeks. It is facultative anterobic. On gelatine it does not 
form a growth. 

Cobmiea on Blood Serum.— Koch first used blood serum for 
culture ground, nud obtained thereon very good growths. Test- 
tubes with stroke culture wore placed in the brood oven at 37° C. 
for ten to fourteen days, when small glistening white points ap- 
peared which then coalesced to form a dry, wliite, scale-like 
growth. Under microscope composed of many fine lines con- 
taining the tubercle bacillus. 

Qlycerine Agar.Sy adding four to six per cent, glycerine to 
ordinary agar-peptone medium, Nocard and Boux obtained a 
culture ground upon which tubercle bacilli grew nmch better 
than upon bloot) serum. This is now almost exclusively used. 



m. They are 

u there about 



Stroke cultures are here used as with blood s 
placed in brood-oven alter inoculation, and i 
ten days, at a temperature of 37° C, 
The cotton plugs of tiie tubes are 
covered with rubber caps, the cotton 
first liaviug been passed through the 
Hame, and moiatcnod with a few drops 
of sublimate solution. Tlie rubber I 
cap prevents the evaporation of the 
water of condensation which always 
forms, and keeps the culture from dry. 
ing up. 

The growth which occurs resembles 
the rugie of the stomach, and some- ] 
times looks like crumbs of bread moist- 
ened. The impression or "Klatsch" preparation shows under 
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the microBCope a thick curltid-up centre around which threads 
are wound in all directions. And tliese fine lines show tlie 
iMcillt in ptofusiou. 







Potato.— It nan be cultivated on elicea of potato which are 
placed in air-tisht test-tulies. 

£ctuiZ&)n.— Bouillon containing four per cent, glycerine is a 
very good nurture ground. 

Varieties, — Dixon, of Philadelphia, and others have obtained 
branched forms of bacilli and club-shaped forms. 

Xn ^utuni.— Little granules arranged like streptococci, which 
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take the chnntcteristic stain, and look as if tbe protoplasma liad 
been destroyed that enclosed them. 




Bovine fubercU'haciUi ate about one-third smaller than human 
tubercle bacilli. 

Staining.— The tubercle bacilli require special mcthoda lo 
stain them, and a great number have been iDtroduced. They 
are stAtned with great dilRculty : but ooce stained, they are 
very resistant to decolorizing agents. Upon these facts all the 
methods arc founded. 

It will only be necessary to describe those methods princtpally 
in use ; and as the examination of sputum for bacilli is of so 
frequent an occurrence, and so necessary, it ia well to detail in 
particular the method of staining. 

Starling with the sputum, we search for little clumps or rolled- 
up masses ; if these are not present, the most solid portions of the 
mucus are brought with forceps upon a clean cover-glass; very 
little suffices. With another cover-glass it is pressed and spread 
out evenly ; drawing one glass over the other, we obtain two 
specimens, and these put aside or held high over the flame until 
dry. 

If we desire to examine the specimen quickly, or make a 
hurried diagnosis, we use the rapid method, with hot solutions ; 
otherwise we let it stay, in cold solution until the next morning 
the advantnjtea of which will be later on described. 

The Rapid Method.— {B. FrHnkcPs method modified by Gab- 
bet.) Tbe principle is to combine with the contrast stain the 
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decolorizing agent ; but the preparations are not permanent ; 
the method, however, is very useful. 

Two solutions are required : one of ZiehPs carbol-fuchsin ; 
the other Gabbet's acid methylin blue. (See No. X., on 
page 33.) 

The cover-glass containing the dried sputum is passed three 
times through the flame, as described in the general directions. 
It is then placed in the carbol-fuchsin solution five minutes (cold), 
or two minutes in the hot, immediately then transferred to the 
second solution, the acid blue, where it remains one minute, 
then washing in water. The preparation is dried between filter- 
paper, and mounted best first in water. Examined with oil- 
immersion. 

Another Bapid Method. — This method possesses the advan- 
tage of giving permanency to the preparations ; but the bacilli 
are distorted and ugly crusts form. 

Three dishes are required : — 

The first contains nitric acid and water 1-4. 

The second alcohol. 

The third distilled water. 

They are arranged one after the other in the above order. 

Two staining solutions must be at hand, carbol-fuchsin and 
watery methylin blue. The cover-glass containing the dried 
sputum is passed three times through the flame, then covered 
with a few drops of carbol-fuchsin, and held in the forceps over 
the flame, so that the stain will boil upon the glass. With a 
pipette the dye is constantly added and kept boiling for about 
one minute. It is then decolorized by holding it in the first 
dish until it appears brownish-black, then directly into the 
second dish, when the alcohol peals off* the red color in little 
clouds, and it becomes nearly colorless ; about five seconds 
suffice. Then it is placed in the third dish, the water washing 
off" the alcohol. If the color of the preparation is now deeper 
than a slight pink, it is again dipped into the acid, alcohol, and 
back into the water, careful not to hold it too long in the above 
solutions. The contrast stain is now applied, a few drops of the 
methylin blue solution left on cold for two minutes being suffi- 
cient. The glass is now dried and mounted on the slide in 
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Canada balsam. Examined with oil-immersion. The tubercle 
bacilli red, all else blue. 

Slow Method. — When perfect permanent preparations are 
desired and the bacilli to be seen unaltered, the slow method is 
to be preferred, and it is to be recommended whenever the time 
allows. It consists simply in allowing the carbol-fuchsin to work 
upon the preparation a number of hours. We usually place the 
cover glass with the dried sputum and which has been drawn 
through the flame three times, in a little dish containing enough 
dye to allow the glass to be immersed. We do this about 5 or 6 
o'clock P.M., and the next morning the preparation is ready 
for decolorizing, the process being the same as described above, 
viz., 25% nitric acid, alcohol and water, and the contrast stain 
methylin blue. We thus avoid the formation of ugly crusts, 
the bacilli are not distorted, the specimen is permanent and 
very clear. 

BiederVs Method of Oollectiny BacUlij when the bacilli are 
very few in a great quantity of fluid, as urine, pus, abundant 
mucus, etc., Biedert advises to mix 15 c.cm. of the fluid 
with 75 to 100 c.cm. water and a few drops of potassium or 
sodium hydrate, then boiling until the solution is quite thin. It 
is placed in a conical glass for two days, and bacilli with other 
morphological elements sink to the bottom of the glass ; when 
the supernatant liquid is decanted, the residue can be easily 
examined. In this way bacilli were found that had eluded 
detection examined in the ordinary manner. 

The centrifugal machine is used either in connection with 
Biedert's sediment method or without, to obtain the solids sus- 
pended in urine or serum. 

Without cover-glass, — Sputum can be spread and stained on 
the glass slide without the use of a cover-glass, the oil oi cedar 
being placed directly on the stained sputum, and the oil immer- 
sion lens dipping into it. It is a rapid and cheap way ; and 
when a given case is to be studied daily the method is useful. 

Pure CuUures from Sputum. — Kitasato recommends the tho- 
rough washing, changing the water ten times, of the small masses 
found in the sputum of tubercular persons. When such speci- 
mens are examined they show tubercle bacilli alone, and when 
inoculated in agar give rise to pure cultures. 
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Staining Bacillus Tuberculosis in Tissue {sections), — The general 
method of Gram can be used, but the better way is to use the 
following : — 

Carbol-fuchsin, 15 to 30 minutes. 
5 per cent, sulphuric acid, 1 minute. 
Alcohol, until a light-red tinge appears. 
Weak methylin blue, 3 to 5 minutes. 
Alcohol, for a few seconds. 
Oil of cloves, until cleared. 
Canada balsam, to mount in. 

Instead of carbol-fuchsin, alcoholic solution offuchsin or aniline 
water fuchsin can be used, but the sections must remain in the 
stain over night. 

Hardened sputum and sectioning. — Sputum can be hardened by 
placing it in 98 per cent, alcohol. Thin sections can be obtained 
by imbedding the hardened sputum in collodion. The sections 
are then stained as ordinary tissue sections. 

To preserve sputum.— Sputum can be preserved for future use 
by placing it in alcohol, where it can be kept for months. Cover- 
glass preparations can then be made by softening the coagula 
with a small amount of liquor potassa. 

The resisting action of the bacillus to acids is supposed to 
be due to a peculiar arrangement of the albumen and cellulose 
of the cell rather than to any particular capsule around it. 

Pathogenesis. — When a guinea-pig has injected into its peri- 
toneal cavity some of the diluted sputum containing tubercle 
bacilli it perishes in about three weeks, and the following 
picture presents itself at the autopsy : at the point of inoculation 
a local tuberculosis shows itself, little tubercular nodules contain- 
ing the characteristic bacilli. In the lungs and the lymphatics, 
similar tubercles are found, a general tuberculosis. 

If the animal lingers a few weeks longer, the tubercles become 
necrosed in the centre and degeneration occurs, the periphery 
still containing active bacilli, cavities having formed in the 
centre. 

Since the bacilli die in course of time, killed by their own pro- 
ducts, their number forms no correct guide of the damage present. 

Even their absence in the sputum does not preclude the ab- 
sence of a tubercular process. It is their presence only that 
warrants a positive declaration. 
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Tlic}' arc found in the blood only when a vessel has come in 
direct contact with a tubercular process through rupture or 
otherwise. They have been found in other secretions, milk, 
urine, etc. 

Man is infected as follows : — 

Through icoiinds,^ Local tuberculosis. 
• Through nutrition, — Milk and meat of tuberculous animals. 

Phthisical patients swallowing their own sputum and causmg 
an intestinal tuberculosis. 

Inhalation. — This is the most usual way, probably constitu- 
ting the cause in ,^„ of the cases. 

The sputum of pliUiisical patients expectorated on the floors 
of dwelling-houses in handkerchiefs, etc.", dries, and the bacilli 
set free are placed in motion by the wind or rising with the dust 
are thus inhaled by those present. When the sputum is kept 
from drying by expectoration in vessels containing water, this 
flfrcai danger can be avoided. 

Nearly all the cases of heredity can be explained in this man- 
ner. The young children, possessing very. little resistance, are 
constantly exposed to the infection through inhalation and also 
by nutrition. 

Immunity. — No one can be said to be immune, though per- 
sons who have been greatly weakened would offer less resistance 
than healthy individuals. 

Products of Tubercle Bacilli. The last years have developed 
some wonderful facts in relation to this important deadly bacillus. 
In 1889, Dr. Dixon, then Professor of Hygiene at the Univer- 
sity of Pennsylvania, spoke of a method of curing tuberculosis 
in guinea-pigs and with products obtaine'd from the bacillus ; 
. not much was thought of this statement at the time. 

In August, 1890, Koch^ before the Medical Congress claimed 
that he also had been able to cure tuberculosis in guinea-pigs, 
and would be able to give some interesting facts later on. In 
November he claimed that he had obtained reactions in man 
similar to those in the guinea-pig, and believed that a cure was 
at hand. 

In the excitement which followed this statement, the greatest 
hopes were raised and the impossible expected. In January, 
1891, Koch made public the manner of preparing the lymph or 
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^s a cure for tuberculosis. The results are as yet undecided. 
Tuberculin as a diarjaostic agent, — In cattle it has been iised in 
>ses of 30 to 40 grammes. When they are tubercular severe 
factions follow its injection. 
Lepra Bacillus. (Hansen. ) 
Origin, — In 1880 Armauer Hansen declared, as the result ot 

fiany years' investigation, that be found a bacillus in all leprous 
rocesses. 
i^m.— Small slender rods somewhat shorter than tubercle 
pacilli, otherwise very similar in appearance. 
I In tiie interior of the cell two to three oval spaces are usually 
(Been, not known if spores or otherwise. 

I Properties, — They are immotile, do not liquefy the nutrient 
traedia. 

I Qrowth. — Bordoni-Uffreduzzi have obtained growths upon 
' blood serum to which peptone and glycerine had been added. 
The growth is very slow, requiring about eight days at a tem- 
' perature of 37° C. 

Colonies, — Small grayish round spots, under microscope ap- 
pearing like a close-netted spider web around a firm centre. 

Stab Cultures. — Show a waxy-like growth along the needle track. 

Staining, — They resist the decolorizing action of acids as the 
tubercle bacilli, but they are easily stained, requiring but a 
few minutes with the ordinary watery solutions. They take 
Gram's stain readily. 

Pathogenesis,— Arniug has inoculated prisoners with tissue 
obtained from leprous patients, and produced true leprosy. 

Rabbits which had been infected through the anterior chamber 
of the eye showed the lepra nodules (containing the lepra 
bacilli) diffused through various organs. 

In man the skin and peripheral nerves are principallj' affected, 
but the lymphatic glands, liver, and spleen can also become the 
seat of the lepra nodules. The lepra cells which compose these 
nodules contain the bacilli in large numbers. By applying a 
vesicant to the leprous skin the serum thereby obtained will con- 
tain great numbers of bacilli. This is a simple diagnostic test. 

Method of Infectifm. — Not yet determined ; the air, soil, water, 
and food of leprous districts have been carefully examined wilh- 
out result. 
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Syphilis Bacillus of Lustgarten (Smegma Bacillus of Alvarey 
and Tavel). Lustgarten in 1885, through a certain staining 
process, found peculiar bacilli in syphilitic tissues which he 
thought had a direct connection with the disease. 

In the same year Alvarey and Tavel and Matterstock found 
a similar bacillus reacting in the same way to Lustgarten's color 
method in normal secretions, especially in the smegma of the 
prepuce. 

The question yet remains an open one, what relation the 
syphilis or the smegma bacillus bears to syphilis, and will 
remain so until the bacillus can be cultivated, which so far has 
not been accomplished. 

Origin, — In the cells of syphilitic tissue, in the secretion of 
syphilitic ulcers, and in the smegma of the prepuce and vulva. 

i^orw.— Small slender rods similar in appearance to tubercle 
bacilli, sometimes swelled at the ends and curved S-shaped. 

Colorless oval spaces also present, which Lustgarten calls 
spores. 

Orowth. — As before mentioned, they have not yet been culti- 
vated. 

Staining. — Lustgarten's method : — 

1. Aniline water gentian violet, 12 to 24 hours, and tlien 2 
hours longer in brood oven. 

2. Kinsed in alcohol. 2 to 3 minutes. 

3. Aqueous solution potass, permang. (1^ per cent.). 10 
seconds. 

4. Aqueous solution of sulphuric acid. 2 seconds. 

5. Aq. destil. to wash. 

Numbers three, four, and five repeated, until the section is 
colorless. Then alcohol, oil of cloves, and Canada balsam as 
usual. 

De OiacomVs method : — 

1. Aniline water fuchsin. 24 hours. 

2. Rinse in dilute tr. ferri chlor. sol. 

3. Decolorize in concentrated tr. ferri chlor. 

4. Wash in alcohol, oil of cloves, Canada balsam, etc. 

For cover-glass preparations, wash in water instead of alcohol. 
Tubercle and lepra bacilli are colored by this method also, 
but syphilis bacilli become decolorized if washed with acids. 
Pathogenesis. — No pathological actions have yet been definitely 
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proveii. They are found ia greater quantities the younger the 
infection is. 
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BaoilloB of Olandeis [B c Ivs Malla Loffler SI ulz ) Kolz 
bacillus. 

Origin,— In the " fercy buds or 1 tt!e nodules of the disease 
by Loffler and Shutz n 18S 

ioTOi.— Small slender rol about tie * ze of the tubercle 
bacillus. The ends roun le 1 Ne er appea n^ a I rge oUec 
tiona, usually singly. Spores .ire present. 

Properties.— The rods are very resistant, living in a dried state 
for three months and longer without any spores present. They 
arc not motile ; possess, however, great molecular vibration. 

ffroicift.— The growth occuru between 25° and 40° C, best 
at 37° C; it is very sparse upon gelatine, but oil glycerine-agar 
or blood serum a very abundant growth occurs. 

(joloiiics. — On agar or glycerine-agar tliere appear in two to 
three days small white glistening drops, which under microscope 
seem as round granular masses with an even periphery. 

Stroke Cultures.— Oa glycerine-agar and blood serum small 
transparent drops of whitish or grayish color, which soon 
coalesce to form a broad band. 

Potato.— Ad amber-colored honey-like growth which gradually 
turns red. 

Stain infl.— Since the bacillus is very easily decolorized, bocdc 
special methods have been recommended. 
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Loffler^s,— {For cover-glass preparations.) 

1. Alkaline methylin blue (Loffler's). 5 minutes. 

2. Acetic acid with a few drops of tropseolin. 1 second. juhb B^ 

3. Washed in water. 
For Sections. — Instead of tropaeolin acetic acid, the following 

mixture is used : — 

j^:.— Oxalic acid 5 per cent. . gtt. j. i^fSL ^ 

Cone, sulphuric, acid gtt. ij. ^^ 

Aq. destill ^ij. — M. 

The sections are kept in this 5 seconds. 

Kuhne^s method. Goverglass, •**5Jc^''^N 

1. Warm carbol-blue 2 min. *V8»'^^ 

2. Decolorized in weak sol. of muriatic acid (10 parts to 600). imt*^ 

3. Washed in water. * 
Sections of Tissue, ''l&^^v 

1. Carbol-blue, J hour. ^w^i^^^ 

2. Decolorized in J per cent, muriatic acid. «jS>^*'i 

3. Washed in distilled water.- «g^^^ 

4. Dehydrated in alcohol 1 second. ^^^"^^ 

5. Aniline oil with 6 gtts. of turpentine. 5 min. ^^^'^'^ , 

6. Turpentine, xylol, Canada balsam. 

If contrast stain, add 5 gtts. of safranin (Bismark-brown) to 
turpentine, and use it after the xylol. 

Pathogenesis. — If horses, field mice, or guinea-pigs be inocu- 
lated subcutaneously, with but a very small quantity of culture, 
a local affection results, followed some time after by a general ; 

disturbance ; ulcers form at the point of inoculation ; little 
nodules, which then caseate, leaving scars and involving the ' 

lymphatics ; metastatic abscesses then occur in the spleen and , 

lungs, and death arises from exhaustion. Cattle, pigs, and rab- j 

bits are not easily affected ; man is readily attacked. 

ManTier of Jw/ection.— Glanders being a higlily contagious dis- 
ease, it requires but a slight wound to allow it to gain entrance. 

In horses the primary sore seems to be at the nasal mucous 
membrane. In man it is usually on the fingers. Boiling water 
or 1-10,000 sublimate solution will quickly destroy the virulence 
of this bacillus. 
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Bacillus of Diphtheria. (Klebs-Loffler.) 

Origin.— In diphtheritic membrane, by Loffler, in 1884. 

Ihrm, — Small, slightly curved rods about as long as tubercle 
bacilli and twice as broad ; the ends are at times swollen ; 
spores have not been found. 

Projjcriies.— They do not possess any movement ; do not 
liquefy gelatine. They are not very resistant, being destroyed 
by a temperature of 5(P C, but they have lived on blood-serum 
live months. 

Growth. — Grow readily on all media, between temperature 
of 2(P and 4CP C. They are facultative anaerobic ; tliey grow 
quite rapidly and profusely. Egg cultures (Hueppe's method) 
give good growths. 

Colonies o?i Gelatine Plates.— At 24° C. little round colonies, 
under low-power, granular centre ; irregular borders. 

Stdb Cultures.— SmaW, white drops along the needle track. In 
glycerine-agar a somewhat profuse growth. 

Potato.— On alkaline surface, a grayish layer in 48 hours. 

Blood-Serum (after Loffler).— Blood serum 3 parts, and bouil- 
lon 1 part ; the bouillon contains peptone, 1 per cent., chloride 
of sodium, J per cent., and dextrin, 1 per cent. 

On this medium a very thick yellowish-white layer occurs on 
the surface, and isolated colonies in the upper strata. 

Staining. — Is not colored by Gram's method. Stained best 
with Loffler's alkaline methylin-blue. 

Pathogenesis. — By inoculation, animals, which naturally are 
not subject to diphtheria, have had diphtheritic processes de- 
velop at the site of infection ; hemorrhagic oedema then follows, 
and death. 

In rabbits paralyses develop, and when the inoculation occurs 
upon the trachea, all the prominent symptoms of diphtheria 
show themselves. 

Manner of Infection in Man. — The exact way is not yet known. 
It is supposed that the mucous membrane altered in some man- 
ner, the diphtheria bacillus, then gains entrance and the disease 
develops. 

Prod'octs. — But it is not the mere presence of the bacillus that 
gives rise to all trouble ; certain products which they generate 
get into the system and produce the severe conslitutiunal symp- 
toms*. 
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Bacillus of Diphtheria. (Klebs-Loffler.) 

Origin.—ln diphtheritic membrane, by Loffler, in 1884. 
I Ihrm, — Small, slightly curved rods about as long as tubercle 
I bacilli and twice as broad ; the ends are at times swollen ; 
spores liave not been found. 

Properties,— They do not possess any movement ; do not 
liquefy gelatine. They are riot very resistant, being destroyed 
by a temperature of 5(P C, but they have lived on blood-serum 
jive months. 

Growth, — Grow readily on all media, between temperature 
) f of 2(P and 4CP C. They are facultative anaerobic ; they grow 
quite rapidly and profusely. Egg cultures (Hueppe's method) 
give good growths. 

Colonies on Gelatine Plates.— At 24P C. little round colonies, 
under low-power, granular centre ; irregular borders. 

Stab Cultures,— SmaWy white drops along the needle track. In 
glycerine-agar a somewhat profuse growth. 

Potato.— On alkaline surface, a grayish layer in 48 hours. 

Blood-Serum (after Loffler). —Blood serum 3 parts, and bouil- 
lon 1 part ; the bouillon contains peptone, 1 per cent., chloride 
of sodium, J per cent., and dextrin, 1 per cent. 

On this medium a very thick yellowish-white layer occurs on 
the surface, and isolated colonies in the upper strata. 

Staining, — Is not colored by Gram's method. Stained best 
with Lbffler's alkaline methylin-blue. 

Pathogenesis. — By inoculation, animals, which naturally are 
not subject to diphtheria, have had diphtheritic processes de- 
velop at the site of infection ; hemorrhagic oedema then follows, 
and death. 

In rabbits paralyses develop, and when the inoculation occurs 
upon the trachea, all the prominent symptoms of diphtheria 
show themselves. 

Manner of Infection in Man, — The exact way is not yet known. 
It is supposed that the mucous membrane altered in some man- 
ner, the diphtheria bacillus, then gains entrance and the disease 
develops. 

Prodwrte.— But it is not the mere presence of the bacillus that 
gives rise to all trouble ; certain products which they generate 
jjet into the system and produce the severe constitutional symp- 
toms*. 
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Roux and Yersin, in 1888, discovered that the injection of the 
filtered culture bouillon (that is, freed of all diphtheria bacilli) 
gave rise to the same palsies as wlien the bacilli themselves were 
introduced. 

Thxalbumen of diphtheria. — Brieger and Frankel filter the 
bouillon culture, evaporate (in vacuo at 27° C.) to i volume, 
then treat with 10 volumes of alcohol and acetic acid the pre- 
cipitate redissolved in water and reprecipitated with the acidu- 
lated alcohol until a clear aqueous solution is obtained ; this is 
then dialyzed for 72 hours, and again precipitated with alcohol, 
and dried ; a white amorphous body results, giving all the re- 
actions of an albumen, and called by them toxalbumen. 

Immunity, — Brieger and Frankel, by injecting 10 to 20 ccm. 
of a three weeks' old culture of diphtheria bacilli, which had 
been heated at 1(P C. for one hour, produced an immunity in 
guinea-pigs against the virulent form. 

Behring found several ways to make animals immune. One 
method was to infect them with diphtheria and then inject tri- 
chloriodine into them, which prevented them from dying, and 
they were then immune. 

Site of Bacilli, — Bacilli are usually found in the older portions 
of the pseudo-membrane very near to the surface. The secre- 
tions of the throat of a diphtheritic child produced bacilli three 
weeks after the temperature was down to normal. 

Streptococcus in Diphtheria. Streptococci have been found 
quite constant in diphtheria, but they resemble the strepto- 
coccus pyogenes, and have no specific action. 

Bacillus of Typhoid or Enteric Fever. (Eberth-Gaffky.) 

OiHyin, — Eberth found this bacillus in the spleen and lym- 
phatic glands in the year 1880, and Gaff ky isolated and cultivated 
the same four years later. 

Form. — Rods with rounded ends about three times as long as 
they are broad. Usually solitary in tissue-sections, but in arti- 
ficial cultures found in long threads. Flagella on the side. 

Properties. — They are very motile ; they take the aniline dyes 
less deeply than some similar bacilli. Spores have not yet been 
found ; small oval spaces appear in some of the degenerated 
bacilli just at one end, but these bacilli are less resistant than 
those without this so-called spore ; they do not liquefy gelatine. 
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TyphoW fe»er bacllliu In pure cul- 




Qrowth. — They are facultative anterobic ; grow best at 37^ 
C, but can also develop at ordinary room teniperature. All 
nutrient media can be used as culture ground. They develop 
chiefly on the surface, and very slowly. 

Coionies on Oelathie Pia(«i.— Two forms ; the ones near the 
Buriace spread out like a leaf, transparent with bluish fluor- 
escence. The deeper ones resemble whetstone crystals of uric 
acid, the same yellowish tinge. 

In five days they attain to 3 millimetres in diameter. 

On Potato- Oelaline.— The colonies do not have the yellow 
color, they are transparent, later on they become dark brown 
with green iridescence. 

Stab CWtuvM,— Mainly on the surface a pearly layer. 

Stroke Cultures.— A transparent thick layer. 

Po(«(o. ^The growth here is quite characteristic At 37° C. 
in 48 hours a moist transparent fllm is formed over the whole 
surface, but so transparent that it can hardly l>e seen without 
close observation. If a small portion of this is placed under a 
microscoiie, it will be seen swarming with bacilli. 

The growth never becomes more prominent ; the potato must 
have a neutral or acid reaction. 

3lilk. — They grow very well in milk without producing any 
visible changes in its composition. 

CarboKzed-Gelataie.— Gelatine whidi h.is added to it -^^ per 
cent, carbolic acid will allow the typhoid bacillus lo develop, 
other similar bacilli being destroyed. 
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Staining, — Colored with the ordinary aniline dyes, when they 
are warmed ; since they are easily decolorized, acids should Ije 
avoided. 

Gramas method is not applicable. Tissue sections stained as 
follows : — 

Alkaline blue 1 hour. 

Alcohol .5 seconds. 

Aniline oil . . . . . .5 minutes. 

Turpentine oil 1 minute. 

Xylol and Canada bals. 

Such a specimen should first be examined with low power, to 
focus little colored masses, then examined with immersion lens ; 
these masses will be found composed of bacilli. 

Similar Bacteria. The Neapolitanua bacillus of Emmerich or 
foeces bacillus of Brieger resembles the typhoid bacillus in many 
ways, the colonies being the same and its structure similar. 
But the growth on potato is very different; a thick, yellow, 
pasty layer is formed thereon. 

In Water. Bacilli have been found which also resemble 
typhoid bacilli, and one must be very careful not to make any 
positive statement. 

JEkcafnination of Water for Typhoid Bacilli. — When a water is 
supposed to contain typhoid bacilli, 500 c.cm. of the same is 
mixed with 20 gtts. of i-per cent, carbolic acid, which destroys 
many of the saprophytes. 

Plates are then made as described under Water Analysis. 

Those colonies which then form and have a tendency to liquefy, 
are touched on second day with permanganate of potassium, 
and when so colored, destroyed with bichloride of mercury. 

Those that now develop are transferred by inoculation to fresh 
plates. At the end of eight days they are examined under 
microscope ; every colony not possessing motile bacilli is dis- 
carded. The motile bacilli are tested with Gram's method of 
staining ; those that do not take the stain are alone retained. 
Cultures are made from these upon potatoes, and, if the char- 
acteristic growth occurs, then only can they be called typhoid 
bacilli with any certainty. 

Pathogenesis, — Lower animals have not yet been given enteric 
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fever, though their death has been caused by injection of the 
bacilli into the veins of the ear. 

. In man it has been found in the nrine, blood, sputum, milk, 
intestinal discharges, roseolar spots, and in various organs, as 
spleen, liver, lymphatic glands, and intestinal villi. 

It is found in secretions several days after the attack has sub- 
sided. It is found only in this disease, and regularly. 

Way of Infection. — Tlie bacilli in the dejecta of the diseased 
person find their way into drinking water, milk, or dirty clothes, 
and so into the alimentary tract of a person predisposed to the 
disease. They enter the blood through the lymphatics, and so 
become lodged in various organs. 

Products. — Brieger found a ptomaine in the cultures which he 
named typhotoxin with the formula Cgll^NO^. It has no 
specific action. A toxalbumen insoluble in water has also been 
isolated, but, as experiment animals are immune to the disease, 
no definite actions have yet been determined. 

The cultures, when old, show an acid reaction. 

BacilloB NeapolitanuB. (Emmerich.) 

Origin, — During the cholera epidemic in Naples, in 1884, 
Emmerich found this bacillus in the blood and intestinal dis- 
charges of cholera-suffering patients. He supposed it to be the 
real cause of cholera ; but since then it has been shown to be 
nothing more tlian the Fceces bacillus which Brieger described, 
and which is found in fseces of healthy persons, in the air and 
various putrefactive processes. 

.Fbrw.— Very much like the typhoid bacillus, short rods with 
rounded ends with oval spaces in them as the typhoid. 

Properties,— Immobile, differing thus markedly from typhoid. 
Do not liquefy gelatine. 

(rrott't/i.— They are facultative anaerobic ; they grow more 
rapidly tlian the typhoid, and endure cold and heat better than 
they do*. 

CdUmies, — They are exactly the same as typhoid— the same 
whetstone-shaped deep ones and the leaf-shaped surface ones. 

Potato, — A thick yellow-brown pasty layer is formed instead 
of the transparent almost invisible growth of the typhoid 
bacillus. 
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Staming.— Do not take Gram. Fuchsin stains them easily. 

Pathogenesis. — When hirge quantities injected into guinea- 
pigs, they die at times, sometimes witll intestinal symptoms, 
sometimes without. 

Bacillus Coll Communis. (Escherich. ) 

Found in human feces, intestinal canal of most animals, in 
pus and water. 

jpbrr/i.— Short rods with very slow movement, often associated 
in little masses resembling the typhoid germ. 

Properties. — Does not liquefy gelatine, causes fermentation in 
saccharine solutions in the absence of oxygen, produces acid 
fermentation in milk. 

Growth.— On potato a thick, moist, yellow-colored growth. 
Very soon after inoculation on gelatine a growth similar to 
typhoid. It can also develop in carbolized gelatine, and with- 
stands a temperature of 45^ C. without its growth being de- 
stroyed. 

Patlwgenesis.— Inoculated into rabbits or guinea-pigs, death 
follows in from one to three days, the symptoms being those of 
diarrhoja and coma; after death tumefactions of Peyer's patches 
and other parts of the intestine ; perforations into peritoneal 
cavity, the blood containing a large number of germs. 

Staining. — Ordinary stains; do not take Gram. 

Site. — The bacillus has been found very constant in acute 
peritonitis and in cholera nostra. Its presence in water would 
indicate fecal contamination. 

The growth on potato^ the effect on animals, and its action to- 
wards milk are points of difterence from the typhoid bacillus. 
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CHAPTER III. 

PATHOGENIC BACTERIA — CONTINUED. 

Spirillum Cbolene. (Koch.) Comma bncilhs of (kokra. 
Origin, — Koch, as a member of the German expedition sent 

to Inditt, in 1833, to study cholera, found this tnicro-oi^nriism 

in the intestinal contents of cholera 

patients, and by further experiiueuta fio. 57. 

iJentified it with the disease. 
Form.— Tbe microbe as seen ordi .^^^'^V^^ 

narily appears as a short, arc-Hke body i*^Si*,^ 1:^ ^ 

abouthalf the size of a tubercle bacillus ' ^a * 

but when seen in large groups, spirals ' f-* 

are formed, each little avo appearing '-' 

then as l)ut a segment, a vibrio; ea^ 

are is aljont tliree times as long as it 

ia broad, and possesses at each end a Lomma ba I u p re c I 

Jlagella. ture. eoo d ametera 

Properties.— They are very motile 
liquefy gelatine. They are easily affected bj beat an 1 drjness 
Spores have not been found, though some (Huppe) claim aitliro 
■pores. 

QTOwtk. — Develops at ordinary temperatures on all nutrient 
media that have an alkaline or neutral reaction. Tliey are 
facultative anfeiobic. 

OuUmies, gelatine. — After 24 hours, small white points which 
gradually come to the surface, the gelatine being slowly lique- 
fied, a funnel-shaped cavity formed holding the colony in its 
narrow part, at the bottom, and on the fifth day all the gelatine 
is liquid. If the coloniesof three days' growth are placed under 
microscope they appear as if composed of small bits of frosted 
glass with sliarp irregular pointa. 
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PatA'j</enes(3.— Experiment animals are not subject to cbolei'a 
Asiatica, but by overcoming two obstacles Koch has produced 
choleraic symptoms in guinea-pigs, Nicati and Rietsch pi-e- 
vented peristalsis and avoided the acidiiy of the stomach juices 
by direct injection into the duodenum, after tying the gall-duct. 
Koch alkalinizes the gastric juice with 5 cum. of 5 per cent, 
sol. of sodii carbonas, and then injecting 2 grams of opium tinc- 
ture for every 3CK) grams of weight into the peritoneal cavity 
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l>iii'a!yze.s pt'iistfilais. The cholera culture then introduced 
tlii'uiigb a stomach-tube, the animals die in forty-eight hours, 
presenting the same symptoms in the appearance of the intes- 
tines as in cholera patients, the serous efRision containing great 
numbers of spirilla. 

Manner of Infection, in Mm.— Usually through the alimen- 
Inry tract, with the food or drink, the intestinal discharges of 
cholera patients having fonnd entrant-e into the source of drink- 
ing water. Soiled clothes to fingers, fingers to the mouth, etc, ; 
torpid catarrhal affection of the digestive tract predisposing. 
The microbe is not found in the blood or any organ other than 
the intestines, the tissue of the small intesllnes. It is also 
found in the vomit and the intestinal contents. 

Fio. 59. 



Products.— " Cholera red." When chemically pure nitric or 
mlphufic acid is added to nutrient peptone cultures of the 
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cholera bacillus a rose-red color is produced. This will not take 
place with other bacilli unless nitrous acid in present The cholera 
bacillus forms nitrites from the nitrates present iu the media, 
and also indol. The mineral acid splits the nitrites, setting free 
nitrous acid, which, with the indol, forms the red reaction. 
This pigment has been isolated and extracted and called 
^^ cholera red.'*^ A ptomaine, identical with cadaverin, and sev- 
eral other alkaloids have been obtained from the cultures. A 
toxalbumen and a toxicpeptone have lately been isolated, but 
no special actions ascribed to them. 

Bacteria Similar to the Spirillum of Cholera. 

Finkler-Prior Vibrio, or Spirilltmi Finkleri. 

Origin,— Found in the intestinal contents of a patient suffer- 
ing from cholera Asiatica in 1884, by Tinkler and Prior, who 

thought it identical with the spi- 
Fio. 60. ^ j.jiiyjj^ Qf cholera ; it differs from 

it, however, in many ways, and 
has been found in healthy per- 
sons. 
.,-,,- i^orm.— Somewhat thicker than 

y'^lio? the cholera vibrio, otherwise 

^^n^"^ about the same form ; it forms 

^iff the long spirilla less often. Has 

Flagella. 

Spirillum Finkleri. 700 diameters. „ . -. . .., 

(Flugge.) Properties,— It is very motile. 

Liquefies gelatine in a short time. 
Grmcth. — It grows quickly at ordinary room temperature. It 
is facultative aerobic. 

Colonies on Gelatine P/ates.— Round, finely granular colonies, 
which in twenty-four hours are ten times as large as the cholera 
colonies, and in forty-eight hours the whole plate is liquefied, 
it being then impossible to distinguish any separate colonies. 
The microscopic appearances in no way resemble the cholera 

colony. 

Stab Cultures,— The gelatine is liquefied from above down- 
wards, like a stocking in appearance, and in three days is com- 
pletely liquid. 
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Spinlliim TyrogeoQiu (D n k ) 

Ortffn—l 188- De k r u I Id 
cheese a spirillum vei} eimilai in appear 
ance to the cholei-a spirillum 

Form. — The same aa the cholera vibrio 

Pi-operiks.— Very motile liquefy geli 

Growth.— They grow quicker than the 
cholera, and Blower than the Finkler 
they are also facultative nerobie, 

Cfafonies. — They at first resemble cholera 
colonies ; tliey have, however, a yellow- 
green iridescence, and are somewhat lu 
more rapidly. 

Stab Cultims.—A thick line along the ncedle-Uauk and the 
yellow colonies forming at the bottom, on the surface a bubble 
of air similar to the cholera. The gelatine is all liquid in two 
weeks. 

Potato.— At brood-heat a thin yellow membrane, but not 
always constant. 

jStatnin^, as cholera bacillus. 

Patkoijeneais. — When injected into animals prepared as for the 
cholera bauillus, a certain number die. 

Vibrio MetwimikoTi (Gamaleia.) 

Origin.— In the intestines of fowls suffering from a gastro- 
enteritis, common in Russia, Gamaleia found a spirillum which 
bears so close a resemblance to the cholera bacillus, both in form 




e irregular ; also grow 



114 ESSENTIALS OF BACTERIOLOGY. 

and growth, that it cannot be distinguished by these character- 
istics alone. 

Form, — As cholera bacillus. 

Grmoth, — Two kinds are found on the gelatine plate — one that 
is identical in appearance with the cholera colony, the other more 
liquefying, resembling the Finkler spirillum. If now a second 
plate be inoculated from either one of these forms, both kinds 
again are found grown, so that it is not a mixture of two bacilli. 

Stab Culture, — Similar to the cholera growth, a trifle faster in 
growing. 

Staining. — As cholera. 

Pathogenesis. — To differentiate it from cholera, these bacilli, 
when injected into animals, prove very fatal, and no especial 
precautions need be taken to make the animal susceptible. In 
the pigeon, guinea-pig, and chicken it produces a hemorrhagic 
oedema, and a septicaemia which has been called " Vibrion 
septiccemia,''^ The blood and organs contain the spirilla in 
great numbers. 

Products, — The nitrites are formed just as in cholera bacillus, 
and the red reaction given when mineral acids added to gelatine 
cultures. Certain products also which, when injected, give 
immunity. The cultures are first heated for one half hour at 
lOQP C, which destroys the germs, and then this sterilized pro- 
duct injected. (5 c.cm. of a five days' old sterilized culture.) 

In a couple of weeks 1 to 2 c.cm. of the infected blood can be 
injected without causing any fatal result. 

Bacteria of Fneumonia. Two forms of bacteria have been 
found in this disease, and thought at different times to be the 
cause of the same. 

Neither one of them is constant in pneumonia ; and since 
many other pathological processes have shown them they can 
hardly be set down as the sole cause of pneumonia. 

Klebs in 1875 called attention to the presence of bacteria in 
pneumonia, and in 1882 Friedlander developed a bacillus from 
the lung tissue of a pneumonic person, which he thought was a 
coccus, and called it pneumococcus. 
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In 1886 A. Frankel and Weichselbaum proved that this 
microbe was not constant, in fact was rare. 

A. Prankel obtained in the majority of cases of pneumonia a 
microbe that he had described in 1884 under the name of 
sputum-septicsemia micrococcus. 

Weichselbaum now called it " JDipZococcus Pneurrumia,^^ and 
believed it to be the real cause of pneumonia. It has been found 
in many other serous inflammations, and also in the mouth of 
healthy persons. 

Streptococcus jryogenes and staphylococcus pyogenes aureus have 
been found in some cases. 

Fia. 62. 






PDeumo-bacillus of Friedlander, with capsule. 

PneiunO-bacillllS (Pneumococcus). (Friedlander.) 

Origin,— 'In the lung of a croupous-pneumonia person, by 
Friedlander, in 1882. ' 

i^orm.— Small, almost oval-shaped rods, nearly as wide as 
they are long ; often in pairs, they were at first believed to be 
cocci. In bouillon cultures the rod-form becomes more visible. 
In tissues each bacillus is surrounded by a faint capsule ; but 
not around those developed in artificial cultures. Spores have 
not been found. 

Properties, — They are immobile ; do not liquefy gelatine. A 
gas is produced in gelatine cultures. 

Growth, —Grows rapidly on all media at ordinary temperature : 
is facultative serobic. 

Colonies,— On gelatine plates. Small white round colonies, 
reaching the surface in the course of three or four days ; appear- 
ing then as little buttons, with a porcelain-like shimmer, the 
edges smooth. 

Stab Culture, — A growth along the needle-track, but on the 
surface a button-like projection, which gives to the growth the 
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appearance of a nail driven into Ihe gelatine, 
its heiid resting on the suiTnce ; therefore 
such cultures are (.■ailed ^^ Nail cuilurcs," 
See Fig. 63. Old cultures are colored brown, 
and contain bubbles of gas. 

Potato. — A yellow, moist layer in a few 
days at brood-heat. Gas bubbles develop. 

iStainin^.— The ordinary aniline stains. 
The sections do not take Gram's method ; 
are therefore not suited for double staining. 

Capsule.— Stained as follows :— 

(fyver giassea. 

1. Acetic acid, two minutes. 

2. Allow acetic acid to dry by blowing air 
upon it through a glass tube. 

3 Saturated, aniline water. Gent, violet, 
ten seconds. 
4. Rinnein water. Mount in Canada balsam. 
Ibr Secliong. 



I cone. ale. gent, violet. 50.0 
1. Stain in warm -j aqua, 100.0 

' acetic acid, 10. 

for 24 hours. M. 

2. Binse in oue per cent, acetic acid. 

3. Alcohol to dehydrate. Mount in balsam. 

The capsule will be found stained a light blue, the bacillus a 
deep blue. 

Palhogew sis, —Aviamls are not affected unless the culture is 
injected iutrapleura. 

Pnenmobacillns of Frankel. (A. Friiiikelnnd ■Weichselbaum.) 
S^wm^Jiis.— Pneumococcus ; Diplococcus of Pneumonia ; Mi- 
crococcus of sputum septicaemia ; Micrococcus Pasteuri ; Diplo- 
coccus lanceolatus. 

Oi-igfn.— A, FrSnkel found it in the sputum of pneumonic 
patients, thinking it at first to be the micrococcus of sputum 
scptictcniia ; later he believed it to be the cause of pneumonia. 




Bulliiui 

nil. stab Culti 
(Xall CulluTf.) 
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I'orm.^Ova.l cocci they were at first called, but they are now 
knonrn to be rod-shnped, beiog sotiiewhat longer than broad ; 
varying, however, much in eize and shape. Usually found in 
pairs, sometimes in filaments of three and four elements. In 
the material from the body a capsule surrounds each rod. In 
the artificial cultures this is not found. 
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Properties.— Tbey are without self-movement; do not liquefy 
gelatine. 

Grmolft.— Grow only at high temperature, 35° C. ; are facul- 
tntive anKrobic. The culture media must be slightly alkaline ; 
the growth is Blow. 

Colonies on Gelatine Platea. — Since the temperature must be 
somewhat elevated, the gelatine media need to be thicker tlian 
usual (15 per cent, gelatine), iu order to keeji it solid, and a 
temperature of 24° C. used. Little round white colonies, some- 
what granular in the centre, growing very slowly. 

Stab Utdturcs. — Along the needle-track small separate white 
granules, one above the other, like a string of beads. 

Stroke Culture.— Oil agar, tmn spa rent, almost invisible little 
drops resembling dew moisture. 

BouiUim. — They grow better here than in the other media, 
remaining alive a longer period of time. 

iSlainfnfr.— Takes Gram's method and the other aniline stains 
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very readily. The capsule stained the same way as that of the 
Friedlander hacilhts. 

Pathogenesis, — Rabbits and guinea-pigs, if subcutaneously in- 
jected, die in the course of a couple of days with septicaemia. 
(0.1 c.cm. of a fresh bouillon culture suffices.) 

Autopsy shows greatly enlarged spleen and myriads of bacilli 

in the blood and viscera, the lungs not especially affected. If 

injected per trachea, a pneumonia occurs. In man in 90 per 

cent, of croupous pneuiuonia they are found and usually only 

during the existence of the " prune juice" sputum, i. e., the first 

stage. 

Fig. 65. 
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Micrococcus tetragenus in sputum (tubercle bacillus also). 

They have also been found in pleuritis, peritonitis, pericarditis, 
meningitis, and endocarditis. They stand in some intimate re- 
lation with all infectious inflammations of the body. Their 
presence in healthy mouth secretion does not speak against it, it 
requiring some slight injury to allow this ever-present germ to 
develop the disease. 

Anti-toxin of Pneumonia. (Klemperer. ) 

The injection of very diluted cultures of the virulent bacilli in- 
travenously has produced an immunity in rabbits and guinea- 
pigs. The serum of such artificially immune animals when filtered 
through a Chamberland filter and injected into a rabbit suffer- 
ing with pneumonia, cured the same ; or when injected into a 
susceptible animal produced in it immunity very quickly. This 
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principle is ascribed to an anti-toxin formed in the tissues by 
the diluted protcids, and this anti-toxin neutralizes the toxicity 
of the strong virus. 

Badllns of Bhinosderoma. (Frisch. 1882.) It was found in 
the tissue of a rhinoscleroma, but resembles the Friedlander 
l)acillus in nearly every respect, and as the disease rhinoscleroma 
was not reproduced by the inoculation of the bacillus in animals, 
it can be considered identical. The growth, cultures, and pro- 
perties are the same as the pneumobacillus of Friedlander. 

HicrococcosTetrageniu. (Koch. Gaflfky). 

Origin, — Koch found this microbe in the cavity of a tubercu- 
lous lung. Gaflfky, in 1883, studied its patho- 
genic actions and gave it the name it now 
bears. 

Form, — Cocci which are gathered in the tis- 
sues in groups of four, forming a square, a 
tetrad. See Fig. 65. In artificial culture, 
sometimes found in pairs. A capsule of light 
gelatinous consistence surrounds each tetrad. 

Properties.— They are immobile ; do not 
liquefy gelatine. 

Qrowih, — They grow well on all nutrient 
media at ordinary and brood temperatures ; 
are facultative aerobic. They grow slowly. 

Colonies in gelatine plates. In two days, 
little white spots, which when on the surface 
form little elevations of a porcelain-like ap- 
pearance ; under low power they are seen very 
finely granulated. 

SUih CuHure,—^\Ti2i\\ round separated colo- 
nies along the needle-track, and on the sur- 
face a button-Hke elevation, a form of " nail 
culture." See Fig. 66. 

Potato, — A thick slimy layer which can be 
loosened in long shreds. 

StxLining, — Colored with the ordinary aniline 
stains. Gram's method also applicable. 

Pathogenesis, — White mice and guinea-pigs stab Culture. 
die in a few days of septicaemia when injected ^''''''geni«' *^*'*" 
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with the tetrageDUs cultures, aud the micrococcus is then found 
in large numbers in the blood and viscera. 

Field mice are immune. 

In the cavities of tubercular lungs, in the sputum of phthisical 
and healthy patients, it is often found, but what action it has 
upon man has not yet been determined. 

Capsule Bacillus. (Pfeitfer. ) 

Origin. —Stringy exudate and blood of a dead guinea-pig. 

Form, — Thick little rods, sometimes in long threads. Large 
oval capsules in the stained preparations. 

Properties, — Immotile, not liquefying, an odorless gas in gela- 
tine cultures. 

Groioth, — At ordinary temperatures, quite rapidly ; facultative 
anserobin. 

Gelatine Plates, — Oval points, and like a porcelain button on 
the surface. 

Stab Cultures, — Like the pneumonia bacillus of Friedlander. 

Potatoes.— Abundant growth, yellow color and moist, coming 
off in strings. 

Staining, — Hot fucbsin colors the capsule intensely ; then care- 
fully decolorizing with acetic acid, the capsules are seen red or 
light violet around the deeply-tinged bacillus. Gram's method 
not applicable. 

PatJwgenesis, — Subcutaneously injected in mice, they die in 
48 hours. Rabbits die when a large quantity is injected into 
the circulation. The blood and juices have a peculiar stringy, 
fibrinous consistence. 

Bacillus of Influenza. (Pfeiffer.) 

A small bacillus about one-hiilf the size of the bacillus of mouse 
septicaemia, and arranged in chain-form, is believed to be the 
cause of influenza. It develops upon blood-serum agar. It is 
aerobic. AVithout movement ; does not take the gram stain. It 
is best stained with diluted carbol-fuchsin, the contrast-stain 
being Loffler's methylene-blue. It is found in the sputum and 
in the bronchial and nasal secretions of influenza patients. 

Hicro-Organisnis of Suppuration. The suppuration of wounds 
is due to the presence of germs. The knowledge of this fact is 
tlie basis of the antiseptic treatment in surgery ; for when the 
microbes can l)e destroyed or their entrance prevented, the 
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wounds are made clean and kept without suppurating. Yari- 
ous forms of bacteria have been found in septic processes, and 
the formation of pus cannot be ascribed to any particular one 
alone ; some, more common than others, are found in nearly all 
forms of suppuration ; others give rise to special types. 

Wounds are often irritated by foreign bodies and chemicals, 
and a discharge occurs in them even when every aseptic and 
antiseptic precaution has been taken ; but such a discharge is 
free from bacteria, and no more like pus than a benign growth 
is like a malignant one. 

Streptoooccns Pyogenes. (Kosenbach.) Streptococcus erysipe- 
latis. (Fehleisen.) 

Origin. — Fehleisen discovered this microbe in the lymphatics 
of the skin in erysipelas, and he thought it the cause of the 
same. Under the name streptococcus pyogenes, Eosenbach 

Fig. 67. 




Streptococcus pyogenes in pus 1000 X* (i'rftnkel and Pteitfer.) 

described an identical coccus which has been found in nearly 
all suppurative conditions. 

Ibrm, — Small cocci singly and in chain-like groups. Spores 
have not been found, though it is supposed because of their 
permanency that spores are present. 

Properties, — They are im motile, do not liquefy gelatine. 

Qrawlh.— They grow slowly, usually on the surface, and best 
at higher temperatures. 

Colonies — In three days a very small grayish speck, which 
hardly ever becomes much kirger than a pin-head ; under micro- 
scope, looking yellowish, finely granular, the edges quite defined. 
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Slab Giltures.—A]oDg the needle-trnck little so pa rated colonies 
like Btrlngs of beads, which after a time become one solid white 

Stroke C^((ure.— Little drops, uever coalescing, having a bluish 
tint. 

Potoro.— No apparent growth. 

Souillon At 37° C. clouds are rormed in the bouillon, which 

then sink to the bottom, and long chains of cocci found in this 
growth. 

Staining. — Easily colored with the ordinary stains. Gram's 
method is also applicable. 

Pathogenesis. — Inoculated subcutaneously in the ear of a 
rabbit, an erysipelatous condition develops in a few days, 
rapidly spreading from point of infection. 

In man, inoculations have been made to produce an effect 
upon carcinomatous growths. Erysipeias was always produced 
thereby. When it occurs upon the valves of the heart, endo- 
carSilis results. Puerperal fever is caused by the microbe in- 
fficting the endometrium, the Streptococcus puerperalis of Fmnkel 
being the same germ. 

In scarlatina, variola, yellow fever, cerebro- spinal meningitis, 
and many similar diseases, the microbe has been an almost con- 
stant attendant. 

In erysipelas the cocci reside in the lymphatic glands and 
duets. They have not been found in the blood. In air, soil, and 
putrefying matterii they have been often discovered. 

StapbyloooccoB Pyogenea AnreiiH. (Busenbach.) 

Origin. — Found very commonly in pus (80 per cent, of all sup- 
purations), in air, water, and earth ; also in sputuai of healthy 
persons. 
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Stmphjloeoccus pyoganea aureus in pus 1000 X- (Frtnkei lud Pfeiltr.) 
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Ibrm. — Micrococci in cruatera like bunched grapes, hence the 
nnme staphylo, which moins grape. They never form chains. 
SporeB have not been found, though the cocci are very resistant. 

Properties. — Without movement ; liquefjing gelatine. It gives 
rise to an orange-yellow pigment in the various cultures, 

Oroicth.— It grows moderately fast at ordinary temperature, 
and can live without air, a facultative erobin am) anierobin. 

(Joimies on QelnUite. — On second day small dots on the surface, 
containing in their centre an orange-yellow spot. The gelatine 
all around the colony is liquefied ; the size is never much greater 
than that attained the second day. 

Colonies on Agar. — The pigment remains a 
long time. 

Stab Culture. — At first, gray growth along 
the track, which, after three days, has settled 
at the bottom of the tube in a yellow granular 
mass, the gelatine being all liquid. 

Stroke Culture on .dgor.— The pigment dif- 
fused over the surface where the growth is, in 
moist masses. 

Potato,— A thin white layer which gradu- 
ally becomes y«llow and gives out a doughy 

Staining. — Very readily colored with ordi- 
nary stains ; also with Gram'a method. 

Pathogenesis.— When rabbits are injected 
with cultures of this microbe into the knee- 
joint or pleura, they die in a day. If injected 
subcutaneously, only a local action occurs, 
namely, abscesses. (..«, v-™.,. ^v.^ 

If directly into circulation, a general phleg- aureus. "" 

monoua condition arises, the capillaries become 
plugged with masses of cocci, infarct occur in kidney and liver, 
and metastatic abscesses form in viscera and Joints, Garr6, by 
rubbing the culture on his forearm, caused carbuncles to appear. 

Fracturing a long bone in an animal and then injecting the 
staphylococcus into a large vein, as the jugular, will produce 
osteomyelitis. Becker isolated this microbe from several case" 
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of osteomyelitis, and thought it a specific germ, giving it the 
name of *' micrococcus of osteomyelitis.'^'' 

Suppuration is nearly always produced by this microbe, and 
it is found in the majority of suppurative processes. 

Microcoociu Pyogfenes Albns. (Eosenbach. ) Similar in every 
respect to the pyogenes-aureus, except that it does not form a 
pigment. 

MicroooccTUi Pyogenes Citrens. (Passet.) This staphylo- 
coccus liquefies gelatine less rapidly than the pyogenes aureus, 
and forms a citron-yellow pigment instead of the orange-yellow 
of the aureus. 

Micrococcus Cerens Albus. (Passet.) Differs from the pyo- 
genes albus in the form of colon}'. A white shiny growth like 
drops of wax ; hence the name cereus. It was found in pus, but 
gave no action in animals. 

Micrococcus Cerens Flavns. (Passet.) A lemon-yellow 
colored growth after a short tim^, otherwise not differing from 
cereus dUms. 

Micrococcos Pyogenes Tennis. (Hosenbach. ) 

Origin.— Found in the pus of large inclosed abscesses. 

Fomi, — Cocci, without any especial arrangement. 

Properties.— Not much studied. 

Growth. — It was cultivated on agar, on which it formed in 
clear thin colonies ; along the needle-track an opaque streak, 
looking as if varnished over. 

Badllns Pyocyanens. (Gessard. ) 

Synonyms. — Bacterium seruginosum, bacillus fluorescens. 
(Schroter.) The bacillus of bluish-green pus. 

Origin. — Found in 1882 in the green pus in pyocysemia. 

JFbrm.— Small slender rods with rounded ends, easily mistaken 
for cocci. Often in groups of four and six, without spores. 

Properties. -rYevy motile ; liquefy gelatine nipidly ; a peculiar 
sweetish odor is produced in the cultures, and a blue pigment. 

Growth. — Develops readily at ordinary temperature, growing 
quickly and mostly on the surface ; it is ajrobic. Colonies on gela- 
tine plate, in two or three da3's a greenish iridescence appears 
over the whole plate, the colonies having a funnel-shaped lique- 
faction, and appearing under low power when still young, as 
yellowish green, the periphery being granulated. 
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Stab Cu/tures.— Mainly in upper strata, the liquefaction funnel- 
sliaped, the growth gradually settlinc; at tlie bottom, a rich green 
Bhiminer forming on the surface, and the gelatine having a deep 
fluorescence. 

Potato,— Tlie potato is soaked with the pigment, a deep fold 
of green occurring on the surface, 

iSainwM/. — With ordinary aniline dyes. 

PaUwgeneaia. — When animals are injected with fresh cultures 
in the peritoneal cavities or cellular tissues, a rapidly spreading 
cedema with general suppuration develops. The hactlli are 
then found in the viscera and blood. 

If a small quantity is injected, a local suppuration occurs, and 
if the animal does not die it then can withstand large quanti- 

The Pigment. Pyocyaii ijt.— When the pus, bandages, and 
di-eBsings containing the bacillus pyocyaneus are washed in 
chloroform, the pigment ia dissolved and crystalUzes from the 
chloroform in long needles. It is soluble in acidulated water, 
which is turned red thereV>y, and when neutralized the blue color 
returns. It has no pathogenic action. It is an aromatic com- 
pound. The bacillus has no especial action on the wound, and 
is found Bometiines in perspiration of healthy persous. 

Bacillus Fyooyaueiu. &■ (Ernst.) A bacillus found in graj'- 
iah pus-colored bandages. 

The only especial difference between this and the above is the 
formation of brownish-yellow pigment instead oi pyoeyanin. The 
form and appearance of cultures otherwise the same. 

Mlcroooccus Gonorrluaa. Gonoooccus. (Neisser.) In 1879 
Neisser demonstrated the presence of this pm. 70. 

germ in the secretion of specific urethritis. 

Forra. — Cocci, somewhat triangular in --^ 

form, found nearly always in pairs, the base [ V V ^ 

of one coccus facing the base of the other, 'iS« ^' 

and giving tlie appearance of a Vienna roll, "'■'Kir 

hence the German name Semmei (roll)-fonn. 
Four to twelve such pairs are often found 
together. ■i'i^-fi" 

Properties. — No movement of their own. 

Cullure.— On gelatine-agar or potato they Gonococei in 

do not grow, and only upon human-blood o"b«ai pus. 
■erum have they given any semblance of a lisorf"^,^,) 
crowth. Thf teuinerature must be between 
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33° and 37^ C, and tlie growlb otcurs very slowly aod sparsely. 
In ibree days a very thia, almost invisible, moist yellowish 

growth, BcemiDg to be composed of little drops. 
Under low power smaU processes are seen shooting out from 

the smooth border. 




It requires to be then transferred to fresh media, as it quickly 
perishes. 

Staining.— Coiored easily with alt ordinary aniline stains. 

Gram's method is not appUcdbU, this being one of its main 
diagnostic features. 

The following method for coloring cover-glasses is recom- 
mended by Neisser. 

The cover-glasses, with some of the urethral discliarge smeared 
npon them, are covei'ed with a few drops of alcoholic solution of 
eosin and heated for a few minutes over the Dame. The excess 
of the dye is removed with filter paper, then the cover-glass 
placed in concentrated niethylin blue (alcoholic solution) for l."i 
seconds, and rinsed in water. 

The gonococci are dark blue, the p^toplasm of the cell pink, 
and the nucleus a light blue, the gonococci lying in the proto- 
plasm next to the nucleus. 

Other bacteria are similar to the gonococci in form ; they are 
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distinguished from the gonococcus, in that they are colored with 
Gram's method, whereas the micrococcus of gonorrhoea is not. 
Therefore it is always necessary, after having first found these 
peculiar-shaped microbes, to apply Gram's stam, and if they are 
then not found one can safely say it is the gonococcus. 

Pathogenesis, — The attempts to infect the experiment ani- 
mals with gonorrhoea have so far been without success. In man, 
upon a healthy urethra, a specific urethritis was produced with 
even the 20th generation of the culture. Gonorrhoeal ophthalmia 
contains the cocci in great numbers, and gonorrhoea! rheumatism 
is said to be caused by the lodgment of the cocci in the joints. 

The microbes have been found long after the acute attack, 
when only a very slight oozing remained, and the same were 
very virulent. 

The specific inflammations of the generative organs of the 
female are due to this microbe extending its influence, having 
gained entrance through the vagina. It is found chiefly in the 
superficial layers of the mucous membrane. 

Similar Microbes found in the Urethra and Vagina. 

Micrococcns Citrons ConglomeratuB. (Bumm.) Very similar 
to the gonococci in form, they are, however, ecisily cultivated^ 
and form yellow colonies which dissolve the gelatine and grow 
quite rapidly ; the surface of the gelatine is at first moist and 
shiny, but later on wrinkled. They are cohred with Oram's 
method^ and have no special pathological action. They are found 
in the air and gonorrhoeal pus. 

Diplococcns Albicans Ampins. (Bumm. ) In vaginal secretion. 
The diplococci are much larger than the gonococci, but similar 
in form. They are also cultivated upon gelatine plates, grayish- 
white colonies, which slowly liquefy gelatine. They grow mode- 
rately rapid. Stained with Gram's method, and have no 
pathogenic action. 

Diplococcns Albicans Tardissimns. (Bumm. ) 

Origin.— In urethral pus. 

Form. — Like gonococci. 

PrqpeWies.— Immotile ; do not liquefy gelatine. 

Qrowth.— Very slow at ordinary temperature, but more rapid 
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at brood-heat. The colonies are as small white points, which 
under low power appear brown and opaque. 

Agar Stroke C^ttZtwre.— Grayish-white growth, which after two 
months is like a skin upon the surface. 

Staining. — Takes OranVs method. 

Pathogene8i& —None known. 

Micrococoiui Snbflaviu. (Bumm.) 

Origin. — In lochial discharges, in vagina and urethra of 
healthy persons. 

Form, — As gonococci. 

Properties. — Not motile ; liquefy gelatine slowly ; a yellow- 
brownish pigment. 

Orowth. ^Grows slowly on all media, forming on gelatine, 
after two weeks, a moist yellowish surface growth. 

Potato. — Small half-moon-shaped colonies which, after three 
weeks, become light-brown in color, and covering the surface as 
a skin. 

Staining. — OAored with Gram. 

Path/)genesis.— 'Not acting upon the mucous membrane, but 
when injected in cellular connective tissue, an abscess results 
which contains myriads of diplococci. 

The gonococcns is distinguished from all these similar micro- 
cocci by being found usually within the cell protoplasm. 

Secondly.— Not stained with Gram'^s method. 

Thirdly. — Bef using to gro^v readily upon gelatine. 

All the similar bacteria being easily cultivated. 

Tliese characteristics, taken in toto^ form sufficient features for 
its ready recognition, and as it is often a serious question to 
decide, not so much because of the patient's health as because 
of his character, we should be very careful not to pronounce Ji 
verdict until we have tested tlie micro-organism as above. When 
the germ so tested is found, the process can be called spedju- 
without a douht. 

Badllns of letanns. (Nicolaier-Kitasato.) 

Origin. — Nicolaier found this bacillus in the pus of a wound 
in one who had died of tetanus, describing it in 1884. 

Kitasato has since then been able to isolate and cultivate this 
^erm. (1889.) 
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Ibrm.—A very delicate, slender rod, somewhat lon-jer than 
the kacLllus of mouse sept U'tetiiia, which is theeiiiallest bncilluK. 

WlieD the spores form, a smiill Bwellint! OL'curs al llie end 
where the spore lies, giving it a drum stick shape. 




Properties.— Not very motile, though distinctly so ; liquefles 
gelatine slowly. The cultures give rise to a foul-smelling gas. 

GrouiWi.— Develops very slowly, best at brood-heat (36° to 38° 
C), and only when all oxygen is excluded, an obligatory ancero- 
inn. In an atmosphere of carbon dioxiiie gas it cannot grow, 
but in hydrogen it nourishes. 

Colonies on gelatine plates in an atmosphere of hydrogen. 
Small colonies. After four dnys a thick centre and radiating 
wreath-like periphery, like the colonies of bacillus subtilis. 

Hiijh fkab-Oulture.— {The gelatine liaving 2 per cent, glucose 
added and filling the tut>e.) Along the lower portion of the needle- 
track, a thorny-like growth, little needle-like points shooting 
out from a. straight line. The whole tube becomes clouded as 
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the gelatine liquefies, and theo the growth settles at the bottom 
of the tube. 



Agar.— At brood-heat, on agar, the growth ia quite rapid, and 
at the end of forty -eight hours gas bubbles have formed and the 
growth nearly reached the surface. 
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Bouillon, — Adding glucose to the bouillon gives a medium in 
fvhich an abundant growth occurs. 

Staining. — All the ordinary stains, Gram's method also ; the 
spores being colored in the usual way. 

Pathogenesis, — A small amount of the pure culture injected 
under the skin of experiment animals will cause, in two to three 
days, death from true tetanus, the tetanic condition starting 
from the point of infection. At the autopsy nothing characteristic 
or abnormal is found, and the bacilli have disappeared, except 
near the point of entrance. This fact is explained as follows ; 

Several toxic products have been obtained ft-om the cultures, 
and they are produced in the body, and give rise to the morbid 
symptoms. These have been isolated, and when injected singly 
cause some of the tetanic symptoms. The virus enters the 
circulation, but does not remain in the tissues. 

Four ptomaines among them : tetanin, tetanotoxin, and spas- 
motoxin ; also a toxalbumen. 

'Immunity. — ^Kitasato, by inoculation of sterilized cultures, 
has been able to cause immunity from the effects of virulent 
bacilli. 

An anti-toxin obtained by Tizzoni and Cattani from the serum 
of animals made immune by sterilized cultures has been used 
with curative effects in several cases of tetanus in man. It is 
a globulin, but differs from the anthrax anti-toxin, and it is 
found exclusively in the serum. By precipitation with alcohol 
and drying in vacuo, the an ti- toxin is obtained in a solid state. 
The aqueous solution is used for injection subcutaneously. 

Habitat. — The bacillus is present in garden earth, in manure ; 
and even from mortar it has been isolated. 

The earth of special districts seems to contain the bacilli in 
greater quantities than in others. 

Bacillus (Edematis Maligni. (Koch.) 

Vihrion Septigi^.— (Pasteur.) 

Origin, — In garden earth, found lately also in man, in severe 
wounds when gangrene with oedema had developed. Identical 
with the bacillus found in Pasteur's septicaemia. 

Form, — Rods somewhat smaller than the anthrax bacilli, the 
ends rounded very sharply. Long threads are formed. Very 
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large spores which cause the rods to become spindle- or drum- 
stick-shaped. 

Properties,— Very motile ; liquefy gelatine ; do not produce 
any foul gaseous products in the body. 

Growth.~G vows rapidly, but only when the air is excluded, 
and best at brood or body heat. 

Roll CwZtMres.— (After Esmarch's method.) Small, round 
glancing colonies with fluid contents, under low power, a mass 
of motile threads in the centre, and at the edges a wreath-like 
border. 

High Slab CuliurSr —With glucose gelatine, the growth at first 
seen in the bottom of the tube, with a general liquefaction of 
the gelatine, gases develop and a somewhat unpleasant odor. 

Agar, — The gases develop more strongly in this medium, and 
the odor is more prominent. 

Guinea-Pig Bouillon. — In an atmosphere of hydrogen cloud- 
ing of the entire culture medium without any flocculent pre- 
cipitate until third day. 

Staining. — Are stained with the ordinary dyes, but Gram's 
method is not applicable. 

Pathogenesis, — When experiment animals, mice or guinea^ 
pigs, are injected with a pure culture under the skin they die in 
8 to 15 hours, and the following picture presents itself at the 
autopsy : In guinea-pigs from the point of infection, spreading 
over a large area, an oedema of the subcutaneous tissues and 
muscles, which are covered and saturated with a clear red 
serous exudate free from smell. This contains great quantities 
of bacilli. 

The spleen is enlarged, especially in mice. The bacilli are 
not found in the viscera, but are present in great numbers on 
the surface, i, e., in the serous coverings of the different organs ; 
though v^hen any length of time has elapsed between the death 
of the animal and the examination, they can be found in the 
inner portions of the organs, for they grow well upon the dead 
body. In man they have been found in rapidly spreading gan- 
grene. They are present in the soil, in putrefactions of various 
kinds, and in dirty water. 

Immunity,— Is produced by injection of the sterilized cul- 
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tures, nnd also the filtered bloody serum of aaimals dead with 
tlie disease. 
SBirilliim of Eelapring Fevar. (Obermaier.) 

Fio. 78. Fio. 76. 



S i, 



Cultures In agar al mallgnmnt Cnltare In geUtine of nialig- 

<EdeiDa, afler 24 boun. at HT" C nant CEdema. (Frsnlid and 

[FcBnkel and Pf«iir«r.) Pfelffer.) 

1^. Spirochete ObermSieri. 

Or^'n.— Found id the blood of recurrent fever patients, 
described in 187% 
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JPbnn.— Long, wavy threads (16 to 40 ft long), a true spiril- 
lum ; flagella are present. 

"Properties. — Very motile. Has not been cultivated. 

Staining. r~.QrdinB,Yy aniline stains. Bismq,rk brown best for 
tissue sections. 

Pathogenesis.— Found in the organs and blood of recurrent 
fever. Man and monkeys inoculated with blood from one suf- 
fering from this disease become attacked with the fever, and in 
their blood the spirillum is again found. It is found in the 
blood, only in the relapses (during the fever). After the attack 
the spirilla gather in the. spleen and gradually die there. It 
has been found in the brain, spleen, liver, and kidneys. In the 
secretions it has not been discovered. 

Badllos MalariSB. (Klebs and Tommaci-Crudeli.) 

Origin. — These two observers have found a germ present in 
malarial persons in the blood, which produced an intermittent 
fever in animals which had been inoculated with such blood. 
They were also found in the soil of the Boman Campagna. 
Very little importance is at present attached to this germ, but 
at the time of its discovery, 1879, it was thought to be the cause 
of malaria. 

HsBmatozoa of Kalaria. Certain micro-organisms are found 
in the blood of persons suffering from malaria, and have latel}' 
been very carefully studied. They do not belong to bacteria, 
being really of animal origin, among the protozoa; but because 
they are described in the larger works on bacteria, it is neces- 
sary that they be considered here. 

Synonyms. Hcematomonas Malarias (Osier). Plasmodium Ma- 
larias (Laveran). 

Form. — Various shapes have been described, and whether 
they are all of one micro-organism or several distinct organisms 
s not yet definitely settled. They have been found in the cell 
intra'CorimsruUir^ and outside of the cell exira-corpusculav. 

1st. Bound bodies 1 to 10 ft. in diameter, lying free in the 
serum or hanging on to the blood-plates. They have very lively 
amoeboid movements. 

2d. Flayellated bodies.— 'Fla.geWa. on the upper surface of the 
full-grown round bodies. These vary in length and are very 
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mobile. They then loosen themselves, and are finally lost. Found 
only in freshly drawn blood. 

3d. Crescent-shaped bodies,— These are cylindrical and usually 
bent sickle-shape. In the centre a black spot formed of little 
granules. Not motile. 

4th. Rosette hodies.—'Re%w\?iv\y outlined with a collection of 
pigment-granules in Ihe centre. The rosette afterwards divides 
and separates into segments. 

5th. White blood-corpuscies containing melanin, which they 



have digested. 



Fig. 77. 















Extra-corpuscular. 








Intrarcorpuscular. 
Various Forms of Plasmodia. 







CuHix'Olvm of these organisms has not yet been attained. 

Staining and Examination of Blood. — Taku the blood of a per 
son subject to malarial fevers, just before a paroxysm. Having 
first carefully cleansed the finger, a ligature is applied, and the 
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drop of blood drawn with a needle, brought on a well-cleaned 
cover-glass, and immediately covered with a second cover- 
glass. This is now examined with a strong objective (dry sys- 
tem) by day-light. 

If, now, a stained preparation is wanted, the cover-glasses are 
slid apart, passed three times through the flame, and a concen- 
trated solution of methylin-blue left on for a few nitnutes. 

Still better is it to allow a drop of methylin-blue solution in a 
little ascitic fluid to flow slowly on the cover-glass before the blood 
has become dry. The finer structure will then be more plainly 
brought out. Laveran recommends the strong objective of the 
dry system for examining. 

A drop of a watery solution of fuchsin or methylene-blue can 
be placed on the glass slide and a drop of bl(Tod on the cover- 
glass, then the cover-glass turned over on to the slide so that the 
two liquids mix, and examined at once. 

Pathogenesis, — These organisms have been found only in 
malarial diseases, and they have been constantly found. Malarial 
paroxysms have been produced in a healthy person by inocu- 
lation of blood containing such organisms. They disappear 
under the use of quinine. 

Golgi finds certain types constant in tertian, and others again 
peculiar to quartan. 

Some, however, hold all these various forms as nothing more 
than changed blood-corpuscles. The impossibility of obtaining 
a pure culture leaves the question still in doubt. 

Orassi and Feletti claim to have produced in sparrows and 
man, by injection of the blood of malarial persons, malarial 
fever, and found the specific parasites for the different forms. 
The amoeboid or intra-corpuscular give rise to the typical inter- 
mittent fevers. The crescent-shaped extra-corpuscular, produc- 
ing the dumb ague or irregular fever ; four different anioebse were 
found. 

Hsemamoeba praecox produces the quotidian. 
*' vivax '* *' tertians. 

" malarise " " quartans. 
" immaculata " " quotidian. 
Laverania malarise '* *' irregular fever. 

Tliey place tliem with the lihizopoda. 
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CHAPTER IV. 

BACTERIA PATHOGENIC FOR ANIMALS BUT NOT FOR MAN. 

Bacillus of Symptomatic Anthrax. (Bollinger and Feser.) 

{Charhon symptomatiqve. Arloing, Cornevin, and Thomas J 

Origin. — This bacilhis, described already in 1879, has only 
lately been isolated, and by animal inoculation shown to be the 
cause of the " black-leg" or '* quarter- evil" disease of cattle. 

Form, — Large slender rods, which swell up at one end or in 
the middle for the spore. 

Properties, — They are motile, and liquefy gelatine quite 
rapidly. 

A rancid odor is developed in the cultures. 

Cultures. — The growth occurs slowly, and only in an atmo- 
sphere of hydrogen, being very easily destroyed by oxygen and 
carbon dioxide ; grows best at blood heat ; under 15^ C. no 
growth. 

Olucose-gelatine. — In a few days little round colonies develop, 
which, under low power, show hairy processes around a compact 
centre. 

Stab Cultures in full test tubes. — The growth first in the lower 
portion of the tube not very characteristic. Gases develop 
after a few days, and the gelatine becomes liquid. 

Agar at brood temperature, in 24 to 48 hours, an abundant 
growth with a sour odor and abundant gas formation. 

Staining.— Ordinsiry methods. Gram's method is not appli- 
cable to the rods ; but the spores can be colored by the regular 
double stain for spores. 

Pathogenesis. — If a small amount of the culture be injected 
under the skin of a guinea-pig, in twenty hours a rise of tempera- 
ture, pain at the site of injection, and in a few hours more 
death. At the autopsy, the tissues blackened in color and 
soaked with a bloody serous fluid ; in the connective tissue large 
collections of gas, but only in the neighborhood of the point 
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of infection. The bacilli are found in great numbers in the 
serum, but only appear in the viscera some time after death, 
when spores have developed. 

The animals are usually infected through wounds on the 
extremities ; the stalls or meadows having been dirtied by the 
spore-con tain injT blood of animals previously dead of the dis- 
ease. '' J?ausc/i6rarid" is the German name; ^^ Gharbon symp- 
tomatique,''^ the French, from the resemblance in its symptoms 
to anthrax. 

Immunity.— Rabbits, dogs, pigs, and fowls are immune by 
nature, but if the bacilli are placed in a 20 per cent, solution of 
lactic acid, and the mixture injected, the disease develops in 
them. The lactic acid is supposed to destroy some of the 
natural resistance of the animal's cells. 

When a bouillon culture is allowed to stand a few days, the 
bacilli therein lose their virulence, and animals are no longer af- 
fected by them. 

But if they are placed in 20 per cent, loustic acid and the mix- 
ture injected, their virulence returns. 

Immunity is produced by the injections of these weakened 
cultures, and also by some of the products which have been ob- 
tained from the cultures. 

Bacillus of Chicken Cholera. (Pasteur.) 

Syn, — Micrococcus cholera gallinarum. Microbe en huU. Ba- 
cillus avicidus. Bacillus of fowl septicaemia. 

Fig. 78. Origin, — In 1879 Perroncito observed this 

co(?ci-like bacillus in diseases of chickens, and 
Pasteur, in 1880, isolated and reproduced the 
disease with the microbe in question. 

Form. — At first it was thought to be a micro- 
coccus, but it has been seen to be a short rod 

Chicken cholera about twice as long as it is broad, the ends 

JFrankei '^a^d ^^^g^^^ly rouudcd. The Centre is very slightly 
Pfeiffer.) influenced by the aniline colors, the poles 

easily, so that in stained specimens the bacillus looks like a 
dumb-bell or a figure-of-eight. (Microbe en huit.) 

Properties, — They do not possess self-movement ; do not 
liquefy gelatine. 
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Grmcth, — Occurs at ordinary temperature, requiring oxygen 
for development. It grows very slowly. 

Oelatine Plates, — In the course of three days little round, 
white colonies, which seldom increase in size, having a rough 
border and very finely granulated. 

Stxih Culture. — A very delicate gray line along the needle- 
track, which does not become much larger. 

Agar Stroke Culture.— A moist, grayish-colored skin, more 
appreciable at brood heat. 

Potato. — At brood heat after several days a very thin, tijans- 
parent growth. 

Staining.— MethyWu blue gives the best picture. Gram's 
method is not applicable. As the bacillus is easily decolorized, 
aniline oil is used for dehydrating tissue sections, instead of 
alcohol. 

Method : 

Loffler's methylin blue .... J hour. 

Alcohol 5 seconds. 

Aniline oU 5 minutes. 

Turpentine 1 minute. 

Xylol and Canada balsam. 

Pathogenesis. — Feeding the fowls or injecting under the skin 
will cause their death in from 12 to 24 hours, the symptoms pre- 
ceding death being those of a heavy septicaemia. 

The bacillus is then found in the blood and viscera, and the 
intestinal discharges, the intestines presenting a hemorrhagic 
inflammation. 

Guinea-pigs and sheep do not react. Mice and rabbits are 
affected in the same manner as the fowls. 

Jwimum'te/.— Pasteur, by injecting different-aged cultures into 
fowls, produced in them only a local inflammation, and they 
were then immune. But as the strength of these cultures could 
not be estimated, many fowls died and the healthy ones were 
endangered from the intestinal excretions, which is the chief 
manner of infection naturally ; the faeces becoming mixed with 
the food. 



1st division. 
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Bacteria of Hemorrhagic Septicaemia. (Hueppe.) 
Under this heading Hueppe has gathered a number of bac- 
teria very similar to the bacillus of chicken cholem, differing 
from it and each other but very little. They have been described 
by various observers and found in different diseases. 

(1) The bacteria of this group color themselves strongly at 
the poles, giving rise to the dumb-bell shape. They do not take 
the Gram stain. They are without spores, 

(2) And do not liquefy gelatine. 

They have been placed in three general divisions : — 

Wild Plague. (Hueppe. ) 

German Swine Plague. (Loffler, Schiitz.) 

Rabbit Septicaemia. 

Ox Plague. (Oresti-Armanni.) 

Steer Plague. (Kitt.) 
The bacteria of the first division are not motile, do not grow- 
on potato, and are found scattered through the bloodvessels. 
A local reaction is uncommon. 

American Swine Plague. (Billings. ) 

French Swine Plague. (CornilandChantemesse.) 

Cattle Plague. Texas Fever. (Billings.) 

Frog Plague. (Eberth.) 
Here the bacteria are motile. They grow on potatoes and 
are similar to the typhoid bacillus in gelatine. They form 
small embolic processes in the capillaries. They cause only 
a local disturbance in rabbits when subcutaneously injected. 
An acid fermentation is produced in milk. 

3d divisim I ^^^ ^^^^^'^- (Salmon.) 

3a envision. I g^^^ig,^ g^i„g piaj,„e (Lelander.) 

The bacteria of this third division are very motile. The hog- 
cholera bacilli lie in the spleen and other organs in small masses 
like the typhoid bacillus. 

Babbits die in four to eight days without any local disturb- 
ance. The growth on potato is strong. 

The Swedish swine-plague bacillus occupies a position be- 
tween that of Hog Cholera and Bacillus Coli Communis. 

The various swine-plague bacilli are but little active in fowls, 
differing thus widely from the chicken-cholera bacillus. 



2d division. 
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BacQluB of Erysipelas of Swine. (Loffler, Sthtitz. ) Schmine- 
roilaufbacUlus (Oerman). Bouget du pore (French). 

Origin, — Found in the spleen of an erysipelatous swine by 
Loffler in 1885. 

Fomi.—Oiie of the smallest forms of bacilli known ; very thin, 
seldom longer than 1 ^i, looking at first like little needle-like 
crystals. Spores have not been found. 

Properties. — They are motile ; do not liquefy gelatine. 

Growth in culture at ordinary temperature, very slowly, and 
the less oxygen the better the growth. 

Gelatine Plate. — On third day little silver-gray specks, seen 
best with a dark background, coalescing after awhile, pro- 
ducing a cloudiug of the entire plate. 

Stab Cultures. — In a few days a very light, silvery-like clouding, 
which gradually involves the entire gelatine ; held up against 
a dark object, it comes plainly into view. 

Staining. — All ordinary dyes and Gram's method also. 

Tissue sections stained by Gram's method show the bacilli in 
the cells, capillaries, and arterioles in great numbers. 

PuUiogenesis, -Swine, mice, rabbits, and pigeons are sus- 
ceptible ; guinea-pigs and chickens, immune. 

When swine are infected through food or by injection a tor- 
pidity develops with diarrhoea and fever, and on the belly and 
breast red spots occur which coalesce, but do not give rise to 
any pain or swelling. The animal dies from exhaustion in 24 to 
48 hours. In mice the lids are glued together with pus. 

At the autopj^y the liver, spleen, and glands are enlarged and 
congested, little hemorrhages occurring in the intestinal mucous 
membrane and that of the stomach. 

Bacilli are found in the blood and all the viscera. 

One attack, if withstood, protects against succeeding ones. 

Immunity. — lias also been attained by injecting vaccines of 
two separate strengths. 

BaciUus Murisepticiis. (Koch. ) Mouse septiccemia. 

Origin. — Found in the body of a mouse which had died from 
injection of putrid blood, and described by Koch in 1878. 

.Fbrm.— Differs in no particular from the bacillus of swine 
erysipelas, exceptina: that it is a very little shorter, making it 
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the smallest known bacillus. Spores have been found, the cul- 
tures exactly similar to those of swine erysipelas. 

The pathological actions are also similar. Field mice are 
immune ; whereas for house and white mice the bacillus is fatal 
in two to three days. 

Micrococcus of Mai de Pis. (Nocard.) Gangrenous mastitis 
of sheep. 

Oiigin^—lu the milk and serum of a sheep sick with the 
^^mal depis,^^ 

Form. — Very small cocci seldom in chains. 

Properties^ immotile ; liquefying gelatine. 

Groiot/i.— Growth occurs best between 20Oand 37° C, is very 
rapid, and irrespective of oxygen. 

Plates of Gelatine,— White round colonies, some on the surface 
and some in the deeper strata, with low power, appearing brown 
surrounded by a transparent areola. 

Stah Culture, — Very profuse along the needle-track, in the 
form of a cone after two days, the colonies, having gathered at 
the apex. 

Potato,— A. dirty gray, not very abundant, layer somewhat 
viscid. 

Staining, with ordinary methods ; also Gram's method. 

Pathogenesis, — If a pure culture is injected into the mammary 
gland of sheep, a '* mdl de pis^^ is produced which causes the 
death of the animal in 24 to 48 hours. The breast is found 
oedematous, likewise the thighs and perineum ; the mammse 
ver}- much enlarged, and at the nipples a blue-violet coloration. 
The spleen is small and black ; other animals are less susceptible. 
In rabbits abscesses at the point of infection, but no general 
affection. 

BacilllU Alvei. (Cheshire and Cbeyne.) Bacillus melittoph- 
tharus, (Cohn.) 

Origin, ^In foul-brood of bees. 

jPorw.— Slender rods, with round and conical-pointed ends; 
very large oval spores, the rod becoming spindle-shaped when 
they appear. 

Properties. — Motile, liquefying gelatine rapidly. 

Qrowth.— Grows best between 2(P C. and 37° C, very slowly ; 
ffirobic. 
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Gelatine Plates. — Small grooves are slowly formed, which unite 
so as to form a circle or pear-shaped growth, from which linear 
grooves again start. 

Stab Culture.— Grows first on surface, then gradually along 
the needle-track, long processes shooting out from the same, 
clouding the gelatine. Later, air-bubbles form like the cholera 
culture, and in two weeks the whole gelatine liquefied. 

Staining. —Do not take aniline dyes very well. Gram's method 
is, however, applicable. 

Pathogenesis. — If a pure culture is spread over the honey- 
comb containing bee larvae, or if bees are fed upon infected 
material, foul-brood disease will occur. Mice, if injected, die in a 
few hours. (Edema around the point of infection, and many 
bacilli contained in the oedematous fluid, otherwise no changes. 

HicrocoGCiLS Amylivoriu. (Burrill. ) 

Origin.— In the disease called ^'^ Blight,^ ^ which affects pear- 
trees and other plants. 

J^orm.— Small oval cells, never in chains, more the form of a 
bacillus. 

Pathogenesis. — Introduced into small incisions in the bark of 
pear-trees the trees perished from the " blight." The starch of 
the plant cell was converted into carbon dioxide, hydrogen, 
and butyric acid. 

Bacterium Termo. (Cohn. ) 

This was a name given to a form of micro-organism found in 
decomposing albuminous material, and was supposed to be one 
specific germ. Hauser, in 1885, found three different distinct 
microbes which he grouped under the common name of Proteus, 
which have the putrefying properties ascribed to B. Termo. 

Proteus Vulgaris, 

Origin.— In putrid animal matter, in meconium and in water. 

Form.— Small rods, slightly curved, of varying lengths, often 
in twisted chains, having long cilia or flagella. 

Properties. — Very motile, and very soon liquefying gelatine ; 
forms hydrogen sulphide gas ; causes putrefaction in meat. 

Growth.— Grovflh very rapid, b^st at 24° C, is facultative 
ferobic. 
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Gelatine Plates. — Yellowish-brown, irregular colonies, with 
prolongations in every direction, forming all sorts of figures ; an 
impression preparation shows these spider-leg processes to con- 
sist of bacilU in regular order. 

SUib Culture, — The gelatine soon liquid, a gray layer on the 
surface, but the chief part of the culture in small crumbs at the 
bottom. 

Pat^genesis.— Rabbits and guinea-pigs injected subcutane- 
ously die quickly, a form of toxsemia, hemorrhagic condition of 
lungs and intestines present. When neurin is injected previ- 
ously the auimalH do not die. This ptomaine is supposed to be 
generated by the proteus vulgaris. 

Proteus Mirabilis, (Hauser.) 

Differs from P. vulgaris in that the gelatine is less rapidly 
liquefied. Found also in putrid material. 

Proteus Zenkeri, (Hauser.) 

Does not liquefy gelatine ; otherwise similar to the other two. 

We have now considered some of the characteristics of the 
more important bacteria. The scope of this work does not allow 
a more extended study than we have made, which, as we are 
aware, has been very superficial. The larger works must be 
referred to, if a deeper interest is taken in the subject. 
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YEASTS AND MOULDS. 

In works on bacteriti, these true fungi, yeasts and moulds^ are 
usually considered. They are so closely related to bacteria, and 
so often contaminate the culture media, and are so similar in 
many respects, that a description is almost a necessity. 

But there are several thousand varieties, and we cannot 
attempt to describe even all of the more important ones. It 
will answer our purpose to detail a few of the more common 
kinds, and give the principal features of the different orders. 

FSmgi exist mthout chhrophyl, 

Saccharomycetes or Yeasts increase through budding; the 
spores attached to the mother cell like a tuber on a potato. 

Teasts are the cause of alcoholic fermentation in the saccha- 
roses. A description of the most common ones will suffice. 

Saociharomyces Cerevudae. (Torida Cerevisiai,) This is the 
ordinary beer yeast. 

Form, — Bound and oval cells ; a thin membrane inclosing a 
granular mass, in which usually can be seen three or four irre- 
gular-shaped spores. When these become full grown they pass 
through the cell wall and form a daughter cell. Sometimes long 
chains are produced by the attached daughter cells. 

6?roicf/».— They can be cultivated as bacteria in bouillon, but 
they grow best in beer. 

There are several varieties of beer yeast, each one giving a 
characteristic taste to the beer. Brewers, by paying special 
attention to the nutrient media, cultivate yeasts which give to 
their beers individual flavors. 

Mixed yeast gives rise to a poor quality of beer. 

Sa4Mharom7oes Boiaoem. 8. Niger and S. Albicans. These 
yeaitt are found in the air ; and instead of producing alcoholic 

(145) 
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fermentation they give rise to a pigment in the culture media. 
They grow upon gelatine which they do not liquefy. 

Saccharomyces Hycoderma. This yeast forms a mould-like 
growth, a skin, on the surface of fermented liquids, but does not 
cause any fermentation itself. It forms the common ''• mould" 
on wine, preserves, and "sour krout." 

Oidinin. A form which seems to be the bridge between the 
yeast and the moulds is the oidium. Sometimes it resembles 
the yeasts, sometimes the moulds, and often both forms are 
found in the same culture. Several are pathogenic for man. 

Oidium Lactis. 

Origin, — In sour milk and butter. 

Form,— The branches or hyphens break up into short rod-like 
spores. No sporangium, as in moulds. 

Ghrowth,— In milk it appears as a white mould. 

Artificially cultured on gelatine plates, or milk gelatine plates, 
it forms satin-like, star-shaped colonies, which slowly liquefy^. 
Under microscope the form of the fungus is well seen. 

Agar Stroke Culture. — The little stars, very nicely seen at first ; 
then the culture becomes covered with them, causing a smeared 
layer to appear over the whole surface, with a sour odor. 

Properties, — The milk is not changed in any special way. It 
is not pathogenic for man or animals. It is found when the 
milk begins to sour. 

Oidium Albicans. {Soor,) Thrush Fungus, 

Origin, — Mucous membrane of the mouth, especially of infants. 

Form. — Taken from the surface of the culture, a form like 
yeasts ; but in the deeper layers, mycelia with hyphens occurs. 

Growth, — Not liquefying ; snow-white colonies on gelatine 
plates. 

Stab (7w?tMr6.— Kadiating yellow or white processes spring from 
the line made by the needle, those near the surface having oval 
ends. 

Potatoes,— The yeast form, develops as thick white colonies. 

Bread Jlfas/i.— Snow-white veil over the surface. 

Pathogenesis, — In man the parasitic thrush, or " white mouth," 
is caused by this fungus. In the white patches the spores and 
filaments of this microbe can be found. Babbits receiving an 
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intravenous injection perish in twenty-four to forty-eight hours, 
the viscera being filled with mycelia. 

True Moulds. Fliigge has made five distinct divisions of 
moulds. It will, however, serve our purpose to classify those 
to be described under three headings : Penicillium, Miucoi', and 
Aspergillus. 

Fenicillinm Olancum. 

Origin. — The most widely distributed of all moulds, found 
wherever moulds can exist. 

Form, — From the mycelium, hyphens spring which divide into 
basidia (branches), from which tiny filaments arise (sterygmata), 
arranged like a brush or tuft. On each sterygma a little bead 
or conidium forms, which is the spore. In this particular fungus 
the spores in mass appear green. 

Growth, — It develops only at ordinary temperatures, forming 
thick grayish-green moulds on bread-mash. At first these ap- 
pear white, but as soon as the spores form, the green predomi- 
nates. Gelatine is liquefied by it. 

Mucor Mucedo. Kext to the penicillium glaucum, this is the 
most common mould. Found in horse dung, in nuts, and 
apples, in bread and potatoes as a white mould. 

Foi*m, — The mycelium sends out several branches, on one of 
which a pointed stem is formed which enlarges to form a globu- 
lar head, a spore-bulb, or Sporangium, The spore-bulb is par- 
titioned off" into cells in which large oval spores lie. When the 
spores are ripe a cap forms around the bulb, the walls break 
down and the wind scatters the spores, leaving the cap or 
*' calumella^'' behind. 

Growth. — Takes place at higher temperatures on acid media. 

It is not Pat/iogenic. 

Achorion Schonleinii. 

Tricophyton Tonsurans. 

Microsporon Furfur. 

These three forms are similar to each other in nearly every 
particular and resemble in some respects the oidium lactis, in 
other ways the mucors. The first one, Achorion SchonJeinii^ was 
discovered by Schonlein in 1889, in Favus^ and is now known as 
the direct cause of this skin disease. 
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Origin. — Found in the scaly crusts offavus. 

Form. — Similar to oidium lactis. 

Growth. — Is very sparse. On gelatine round white masses 
inclosed by a zone of liquefied gelatine. 

In milk it is destroyed. 

Pathogenesis. — Causes favus in nian. 

Tricophyton Tonsurans. Found, in 1854, by Bazin, in Tinea. 

Form. — Similar to the achorion or favus fungus. 

Growth. — Somewhat more rapid than the favus, and the gela- 
tine quickly liquefied. Old cultures are of an orange-yellow 
color. Colonies have a star-shaped form. 

Pathogenesis.— Heroes tonsurans and the various tinese are 
produced by this fungus. 

MicFOsporon Fnrfiir. Found in tinea versicolor, almost iden- 
tical with the above, forms dry yellow spots, usually on the chest 
in persons suffering from wasting diseases. 

AsperplluB Olaucns. 

Origin. — In saccharine fruits. 

Form. — The hyphen has formed upon its further end a bulb, 
from which pear-shaped sterygmata arise and bear upon their 
ends the conidia or spores. 

Growth.— Best upon fruit juices. Non-pathogenic. The mould 
is green. Aspergillus flavus has the tufts and spores of a yellow 
color. 

A. Funigatiui. Is pathogenic for rabbits when injected into 
them. At the autopsy their viscera are found filled with the 
mould. 

Examination of Teasts and Moulds. Yeasts and moulds are 
best examined in the unstained condition. A small portion of 
the colony rubbed up with a mixture of alcohol and a few drops 
of liquor ammonia ; of this, a little is brouo^ht upon the glnss- 
slide covered with a drop of glycerine and the cover-glass pressed 
upon it. If the preparation is to be saved, the cover-glass is 
secured by sealing-wax around the edges. Yeaats take methy- 
line'hlv£ stain very well. 

Ray Fundus. A division containing the ojctinomycea. (Bol- 
lenger and Israel.) 

Oiigin,—ln actinomycosis of man and cattle, in the growth. 
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Form.— In the pus or scmpings, little yellow gnins nbout 
the size of a pill's head ai-e Been by the nuked eye. Wlieiioneof 
these pointa is flattened cut between the oovcr-glaes and slide 
and placed under microscope [200 x), aeter-ahaped figurce will 




be seen, the centre thick, radiatins fi'om it, tittle hyphens, which 
become thicker and i-ounder at their peripheral end. These 
bottle-shaped liypheus are supposed to be the spore-bearing 
organs. Some of these may have separated from the main body 
and lie loose or attached to it by a very thin Blament. 

Groict/i.— Develops only at brood heat and by exclusion of 
oxygen. 

In Agar, — After several weeks a yelloHish growth was ob- 
tained, but this consisted mainly of mycelia, the cluh-shaped or 
conical rays not forming. 

In eggs a growth developed when the method of Hueppe was 
tarried out. 

Pnlhogeneitis.— 'When a portion of the growth obtained In 
eggs was injected into the abdominal cavity of a rabbit, actinomy- 
cotic processes developed upon the peritoneum. 

It usually gains access to the living body through a wound in 
the gum or some caries of the teeth. A new growth is formed, 
ulceration beins: first SRt up. 

The new lisauc, ccimiiosed of round cells, then undergoes soft- 
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eoing, purulent collections form and the normal structure is 
destroyed. 

The usual seat is in the maxillary bones, but the fungus has 
been found in the lungs, tonsils, intestines, and various other 
organs in man and cattle. 

Examination, — Well seen in the unstained condition. From 
the pus or scraping a small portion is taken and squeezed upon 
the glass slide ; if calcareous matter is present, a drop of nitric 
acid will dissolve the same. 

Glycerine will preserve the preparation. 

Staining, — Cover-glass specimens stained best with Gramas 
method. Tissue sections should be stained as follows : — 

Ziehl's carbol-fuchsin, ten minutes. Kinse in water. 

Cone, alcohol sol. of picric acid, live minutes. Kinse in water. 

Alcohol, 50 per cent., fifteen minutes. Alcohol absolute, clove 
oil, balsam. 

The rays stained red, the tissue yellow. 

Examination of Air, Soil, and Water. 

Air . — Many germs are constantly found in the atmosphere 
about us. Bacteria unaided do not rise into tlie air and fly 
about ; they usually become mixed with small particles of dirt 
or dust and are moved with the wind. The more dust the more 
bacteria, and therefore the air in summer contains a greater 
number than the air in winter, and all the other differences can 
be attributed to the greater or less quantity of dust and wind. 

Methods of Examination. The simplest method is to ex- 
pose a glass or dish > covered with gelatine in a dust-laden 
atmosphere or in the place to be examined. In the course of 
24 to 48 hours colonies will be seen formed wherever a germ has 
fallen. But this method will not give any accurate results in 
regard to the number of bacteria in a given space ; for such a 
purpose somewhat more complicated methods are needed, so 
that a certain amount of air can come in contact with the 
culture media at a certain regulated rate of speed. 

He8Se*8 Method. This is the most useful of tlie various 
methods in vogue. 

A glass cylinder, 70 centimetres long and 3.5 centimetres in 
diameter, is covered at one end, by two rubber caps, the inner 
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one having a hole in its centre 10 inillimetrea in Oiaroeter ; and 
nt the end B a rubber cork (its in the eyliiider; through this 
corl! a glass tube 10 mm. in diameter passes, which is plugged 
at both ends with cotton. The cylinder iind fittings are first 
washed in alcoliol and sublimate and then pliiced for one hour 
in the Eteam chamber. 

Removing the cork of the cylinder, 50 cubic centimetres of 
sterile gelatine in a fluid condition are introduced and rolled 
out on tlie sides of the tube, after the manner of Esmarch, 
leaving a somewhat thicker coating along the under side of the 




cylinder. Tlie cero-ieope, as the cylinder and its fittings are 
called, is placed upon an ordinary photographer's tripod and 
the glass tnbe, which passes through the rublior cork, connected 
with an ii$pirator, the cotton having first been removed from its 
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outer end. Tlie aspirator conaiBts of two ordinary waah-bottles 
connected with each other by a rubber tube, C Tliey are at- 
taohed to the tripod with a email hook one above the other, tbe 
upper one half filled wilb water and eltghtly tilted. 

When the apparatus is wanted, the outer rubber 
Fio. 81. cap at the end A of the aeroecope ia removed, the 
air can then p^tss through tbe enmll hole in tbe 
other cap, and the germs full upon the gelatine in 
the tube, tlie cotton in the small glass tube at the 
otiier end preventing the germs from getting out. 
The aspirator is set in use by titting tbe upper 
bottle BO that the water flows into the lower, tins 
creates suction and draws (he air through the 
aeroscope. 

The amount entering estimated by the capacity 
of tbe wash-bottle. The rate at wliich it enters 
depending upon tlie rate of tbe flow of water, 
which can be regulated, 

Hesse advises for rooms and closed spaces 1 to 5 
litres, at the rate of 2 minutes a litre, and for open 
spaces, 10 to 20 litres at 4 minutes a titre, Plate 
cultures can be made from the colonies which de- 
velop in 8 to 10 days in the cylinder. 

Petri's Method. The air pumped or sucked 
through sand filters, and thesand then mixed with 
gelatine. 

Sand is sterilized by beating to redness, and 
while still warm placed in test tubes which are 
Sand ttJter then plu^jed. (Sand which has been passed 
* ^ ' ' through a sieve with meshes 0.25 millimcti'es wide 
Is the kind required.) A glass tulie 9 centimetres long is pro- 
vided with two portions of sand eat-h 3 cm. long and i cm. aiwrt, 
Uttle plates of bmss gauze keeping the portions in position. 

The tube and its contents now sterilized in hot air oven at 
150° C, the ends having first been plugged with cotton. 

One end of the tube is then fitted with a rubber cork through 
which passes a glass tube, which is connected with an asptmtm' 
(a hand-pump with a known ca)>acity). 
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If a hundred litres of air pass through the tube in fifteen min- 
utes the germs should all be arrested in the first sand filter. 

And when the filters are removed and thoroughly mixed with 
gelatine, each filter for itself, there should be no colonies de- 
veloped from the second filter, t. e., the one nearest the aspirator. 

Varieties Found in Air. The only pathogenic ones found with 
any constancy are the staphylo-coccus aureus and citreus ; but 
any bacterium can be, through accident, lifted into the atmo- 
sphere, and in certain places may be always found— the bacillus 
tuberculosis, for example, in rooms where many consumptives 
are living. 

Hon-Pathogenio. The micrococci predominate. Sarcina, 
yeasts, and moulds constantly contaminate cultures. 

In the ordinary habitations the average number of germs to 
the litre of air does not exceed five. 

Around water-closets, where one would imagine a great num- 
ber to exist, owing to the undisturbed condition of the air, but 
few will be found. 

Examination of Water. The bacteriological examination of 
water is to-day of as much importance as the chemical analy- 
sis, and must go hand in hand with it. 

At the start we must say thai a water containing thousands 
of germs to the cubic centimeter is far less dangerous than one 
containing but 2 germs, if one of these two b6 a typhoid bacil- 
lus. It is not the number that proves dangerous ; it is the 
kind. 

If a natural water contains more than 500 germs to the cubic 
centimeter, it were well to examine its source. 

Bacteriology performs the greatest service in testing the devices 
which are intended to render water fit for dHnldng. 

As a diagnostic aid the examination is of but little use. An 
epidemic of typhoid fever occurs, the water is suspected, an ex- 
amination is undertaken; but the days of incubation and the 
days passed before the water is analyzed have given the typhoid 
germs, if any had been present, ample time to disappear, since 
in water that contains other bacteria they live a very short time 
only. Again, the water tested one day may be entirely free and 
the next day contain a great number, and before the typhoid 
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germ can be proven to be present in that particular water, the 
epidemic may be past. 

Purity of Waters. The purest water we have is the natural 
spring water— water that has slowly filtered its way through 
various layers of gravel and sand and comes finally clear and 
sparkling from the ground. It is without germs ; but let such 
a water stand walled up in cisterns or wells, it becomes as 
surface water, open to all sorts of impurities, and the bacterial 
nature of it changes every moment. 

Artesian or Driven Well. The driven well will secure to a cer- 
tain extent a pure water. It is the only form of well or cistern 
that will insure this, since the water does not become stagnant 
in it ; but it may connect with an outhouse, the soil being very 
loose, allowing the products of germs of refuse water to find their 
wav into the well. If a chemical examination shows increased 
amounts of chloride of sodium, a contamination can be mooted. 

Filtered Water. Dangerous as surface water is, the greater 
quantity used, is such : the inhabitants of larger towns and cities 
using chiefly the rivers and other large waters which course 
near them for drinking purposes. A purification or filtration 
can in a certain measure render these waters harmless. 

Filtration is often carried on on a large scale in the water- 
works of cities and towns. 

Bacteriological examination is here of great service to deter- 
mine if a water, which has been filtered and may have a very 
clear appearance, and give no harmful chemical reaction, yet 
be entirely free, or nearly so, from germs ; in other words, if 
the filter is a germ filter or not. 

Charcoal Sponge and Asbestos, the materials formerly in use 
are objectionable because germs readily develop on them and 
clog them, so that they require frequent renewal. In very 
large filters, sand and gravel give the best results ; the number 
of germs in a cubic centimetre is reduced to forty or fifty and 
kept at that number. This is a very pure water for a city water, 
though, as we stated before, not a safe one, for among those 
forty germs very dangerous ones may be found. It is then 
necessary for the users to refilter the water before drinking it, 
through a material which will not allow any germs to pass. 
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Pasteur-Chamberlaiid Filter. This very perfect filter, which 
is now in almost universal use, consists of a piece of polished 
porcelain in the form of a cylinder closed at one end and pointed 
at the other. It is placed in another cylinder of glass or rubber 
and the pointed portion connected with a bottle containing the 
water, or directly with faucet of the water-pipe. The water 
courses through the porcelain very slowly and comes out entirely 
free from germs ; pipe-clay, bisque, infusorial earth, and kaolin 
arc also perfect filters. The only disadvantage is the long time 
it takes for the water to pass through. Pressure is used to 
accelerate the passage in the form of an aspirator cr air-pump. 
iSee Fig. 41.) 

The force of the hydrant water is also suflficient to produce a 
steady, small stream. 

These porcelain cylinders can easily be sterilized and the 
pores washed out. 

All the cylinders or bougies are not germ proof, so that they 

must be tested, and most of them must be cleaned every fourth 

day, or they will allow germs to pass through. 

Boiling as a means of purifying. When such a filter cannot 

be obtained, the only alternative is to boil all the water to be 
used for drinking ; and this should especially be done in times 
of typhoid and cholera epidemics. 

Methods of Examination. Since the germs rapidly multiply 
in stagnant water, an examination must not be delayed longer 
than an hour after the water has been collected. Every pre- 
caution must be taken in the way of cleanliness to prevent con- 
tamination ; sterilized flasks, pipettes, and plugs should, or rather 
must, be at hand, and the gelatine tubes best inoculated on the 
spot. If this cannot be done, the sample should be packed in 
ice until it arrives at the laboratory, which, as before stated, 
should not be later than an hour after collection. The sample 
is placed in a sterilized glass fiask, and the fiask then closed with 
a sterile cotton plug. A sterilized pipette is then dipped into 
the flask and 1 c.c. of the water withdrawn in it and added to 
a tube of gelatine, the gelatine being in a* fluid condition. To a 
second tube, J c.c. is added. The tubes are then shaken so as 
to thoroughly mix the water with the gelatine, and then poured 
upon wide glass plates— one plate for each tube ; the plates are 
then placed in the moist chamber, and in two to three days 
examined. If the germs are equally divided, there ' 
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one-half the namher on one plate that there is on the other ; 
thus the ^ C.C. serves as controL 

Water that is very rich in germs requires dilulion with ster- 
ilized water 50 to lOO times. 

To- count the colonies which develop upon the plates, a spe- 
cial apparatus has heen designed, for, unaided, the eye cannot 
see them alL 

Wolfhngel's Apparatus. A glass plate divided into squares, 
each a centimeter large, and some of these subdivided. This 
plate is placed above the gelatine plate with the colonies, and 
the number in several quadrants taken, a lens being used to see 
the smaller ones. 

The pctri saucers can be used instead of plates, and an appa- 
ratus on the Wolflmgel plan can be obtained to count the colo- 
nies. It is best to count all the colonies on the plate or dish. 

Varieties Found. The usual kinds found are non-pathogenic, 
but, as is well known, typhoid and cholera are principally spread 
through drinking water, and many other germs may and do 
find their way into the water. Many of the common varieties 
give rise to fluorescence, or produce pigment. 

Eisenberg gives 100 different varieties as ordinarily found. 
As mentioned before, 2 bacteria to a cubic centimeter, one of 
them typhoid, give more danger to a water than thousands of 
non-pathogenic ones. AVhen, however, more than 200 bacteria 
to the c.c. are found, such a Water ought not to be considered 
potable. Distilled water forms often a good medium for some 
bacteria. 

The Ezamination of the SoiL The upper layers of the soil 
contain a great many bacteria, but because of the difficulty in 
analyzing the same, the results are neither accurate nor con- 
stant. The principal trouble lies in the mixing of tlie earth 
with the nutrient medium ; little particles of ground will cling 
to the walls of the tube, or be imbedded in the gelatine, and 
may contain within them myriads of bacterin. As with water, 
the soil nmst be examined immediately or very soon after it is 
collected, the bacteriri rapidly multiplying in it. 

AVhen the deeper layers are to be examined, some precautions 
must be taken to avoid contamination with the other portions of 
the soil. One method, very laborious and not often practical, is 
to dig a hole near the spot to be examined and take the earth 
from the sides of this excavation. 
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Frankel's Borer. Frankel has devised a small -apparatus in 
the form of a borer, which contains near its lower end a small 
cavity, which can be closed up by turning the handle, or opened 
by turning in the opposite direction. 

It is introduced with the cavity closed, and when it is at the 
desired depth, the handle is turned, the earth enters the cavity, 
the handle again turned, incloses it completely, and the borer is 
then withdrawn. 

The earth can then be mixed with the gelatine in a tube, and 
this gelatine then rolled on the walls of the tube after the man- 
ner of Esmarch, or it can be poured upon a glass plate, and the 
colonies developed so. 

Another method is to wash the earth with sterilized water, 
and the water then mixed with the gelatine, as many of the 
germs are taken up by the water. 

The roll-cultures of Esmarch give the best results, many of 
the varieties usually found being anaerobic. 

Animals inoculated with the soil around Berlin d''e almost 
always of malignant oedema^ and with that of some other towns 
invariably of tetanus. Many of the germs found are nitrogen 
formers and play a great role in the economy of the soil. 

Conclusion. In tracing thus briefly the characteristics of 
the more important bacteria, and the various methods used in 
studying them, we are conscious of the very superficial manner 
in which this has been done. We excuse ourselves, however, 
on the ground that this work is but a wedge with which to enter 
upon the study, or, for those who do not care to proceed further, 
an eminence from which a fair view of the ground can be ob- 
tained. In this, its humble mission, we trust it may meet with 
success. 
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CHIEF OHARAOTBRISTIOS 



CHIEF CHARACTERISTICS 



PART I.— 



1 

Name. 


Genua. 


Biology. 


Product. 


ACETI. 

ACIDI LACTICI. 


Bacillus. 
Bacillus. 


Short motile rods in 
zooglcea ; aerobic. 

Short, immotile rods; 
aerobic. 


Ferment. 


ACIDI LACTICI. 


Bacillus. 


Short, immotile rods. 




AcriNOBACTEB. 


Bacillus. 


Immotile rods with 
capsule; facul. anee- 
rob. 




Aebogenes. 


Bacillus. 


Small motile rods, sin- 
gle and in pairs ; very 
resistant. 




-aCROPHILUS. 

Agilis. 

Alba,. 

Alba. 


Bacillus. 

Micrococcus. 

Beggiatoa. 

Sarcina. 


Slender rods in threads ; 
immotile; oval 
spores; 8er(»bic. 

Mobile diplococci with 
fine flagella. 

Cocci and spirals with 
sulphur. 

Small cocci in packets. 


Red pigment. 
White pigment. 


9 

Albicans amplus. 


Micrococcus. 


Large cocci and diplo- 
cocci. 




Albicans tardis- 

IMUS. 


Micrococcus. 


Diplococci colored by 
Gram. 




Albicans tardus. 


Micrococcus. 


Diplococci not motile. 




Allii. 


Bacillus. 


Very small rods. 


Alkaloid pigment. 


Ahylifebum. 


Spirillus. 


Rigid spirilla with 
spores ; turns blue 
with iodine. 
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OF THE PRINCIPAL BACTERIA. 



NOX-PATHOGENIC BACTEKIA. 


• 




Culture Characters. 


Actions. 


Habitat. 


Discoverer. 


Not liquefy; membranous 


Produces acetic-acid 


Air. 


Kiitzing. 


growth. 


fermentation. 






Not liquefy; small white 


Lactic-acid fermenta- 


Air ; sour milk. 


Pasteur. 


points porcelain - like ; 


tion; precipitates 






slow. 


caseine. 






Growth faster than above ; 


Alcohol is formed after 


Sour milk. 


Grotenfeldt. 


appearance same. 


the lactic-acid fer- 
mentation. 








Causes fermentation 


Air. 


Duclaux. 




with gas and alcohol. 






Rapid growth ; round, con- 




Digestive tract. 


Miller. 


centrically-arranged col- 








onies; not liquefy. 








Laquefy rapidly ; small yel- 




Old cultures. 


Liborius. 


low-gray colonies. 








Slowly liquefying, forming 




Drinking-water. 


Ali Cohens. 


a cone with rose-red color. 












Sulphur springs. 


Vauch. 


Slow growth in small white 


• « . • • • 


Air and water. 




colonies. 








Slowly liquefy; gray col- 


Is colored by Gram's 


Vaginal secretion. 


Bumm. 


onies ; growth fairly 


method. 






rapid. 








Small white points, not 




Urethral pus. 


Bumm. 


liquefying; very slow 
growth. 








Grows slowly on surface, 




Skin in eczema. 


Unna, 


the boundary raised ; 






Tommasoli. 


twice as large as above. 








Bright green pellicle on 


Decomposes albumin. 


Green slime of 


Griflrths. 


agar. 




onions. 








Water. 


VanTiegham. 
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CHIBF GHARACTBRISTI08 



NON-PATHOGENir 



Name. 

• 


Genua. 


Biology. 


Product. 


Amtlobacteb. 


Baoillufl. 


See Butryeut, with wbi 


ch it is identical. 


Aquatilis. 


Micrococcus. 


Very small cocci in ir- 
regular groups. 




Aracunoidba. 


Beggiaioa 


Very thick filaments 
containing sulphur; 
motile. 




Arbobescbns. 


Bacillus. 


Thin rods, with round- 
ed ends in threads, 
and singly; immotile. 


Yellow pigment. 


Attxnuatum. 


Spirillum. 


Threads with narrow- 
ed ends. 


•••••• 


AURANTIACA. 


Sarcina. 


Small cocci in pairs and 
tetrads; ■ strongly 
aerobic. 


Oraii|;e-yellow pig- 
m«Dt. 


AUBANTIACDS. 


Bacillus. 


Motile, short thick 
rods, often in long 
threads. 


Orange-yellow pig 
ment. 


AUBANTIACUS. 


Micrococcus. 


Oral cocci in pairs and 
singly ; immotile. 


Orange-yellow pig- 
ment in water, al- 
cohol, and ether; 
insoluble. 


AURBA. 


Sarcina. 


Cocci in packets. 

• 


Golden-colored pig- 
ment; soluble in 
alcohol. 


Adbbus. 


Bacillus. 


Straight motile rods 
lying paralleL 


Golden-yellow pig- 
ment. 


Balticus. 


Bacillus. 


Short rod. 


Phosphorescence. 


BXBMSTOCKII. 


Bacillus. 


See PuirifictUf coll. 




BiLLBOTHlI. 


Micrococcus 
(ascococcus). 


Groups of cocci sur- 
rounded with cap- 
sule ; zoogloea eerobic. 




Bruxkbttb. 


Bacillus. 


Motile rods. 


Brown pigment 


BUTYRIO-ACID FER- 
MBNTATIOK. 


Bacillus. 


LarwB, slender motile 
TMB in pairs : spores ; 
facul. anseroDin. 


Diastase. 
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BACTERIA.— Ck)NTiNi'ED. 



Culture Characters. 



Light-vellow colonies ; ser- 
rated edges. 



Colonies, radiating from an 
oval centre like roots; 
later on colored yellow ; 
slowly liquefy. 



Actions. 



Rapidly liauefy; little 
orange-yellow colonies, 
not growing in high tem- 
perature. 

Slowly growing; nail cul- 
tures; shining and 
orange-yellow; not liq- 
uefy. 

Hound orange-yellow col- 
onies, mostly on snrface ; 
slow growth; not lique- 
fying. 

Liquefy ; bright golden 
layer on potato. 

Slow-growing, chrome-yel- 
low, whetstone in shape ; 
not liquefy. 

Do not liquefy; require 
glucose for growth. 

Creamy layer on surface 
of gelatin. 



Liquefy rapidily ; gray veil 
OB surface of potato. 



■ • • 



Casein ppt. and changed 
into butyric acid ; am- 
monia set free. 



Habitat. 


Discoverer. 


Old distilled water. 


Bolton. 


Sulphur water. 


Agardh. 


London Water- 
works. 


Francland. 


Stagnant water. 


Warming. 


Air and water. 


Koch. 


Water. 


Francland. 


Water. 


Cohn. 


Exudate of pneu- 
monia. 


Mace. 


Water and skin of 
eczema. 


Adametz and 
Unna. 


Baltic Sea. 


Fischer. 


Putrid broth. 


Cohn. 


Maize. 


Schroter. 


Air. 


Hueppe. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 




BUTYRICUM (amy- 
lobacterj. 

C^RULEUS. 



Candicans 
(Candidas). 

Carotarum. 



Catenula. 
Cadcasicus. 

Cerasinus siccus. 

Cereus albus. 

Cereus flavus. 
Chlorinus. 
Chlorinus. 
Cinnabareus. 

CiTREUS. 



Gitreus. 



CiTREUS CONGLOM- 

eratus. 
Claviformis. 



Clostridium. 

fiacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Bacillus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 

Bacillus. 

Micrococcus. 

Micrococcus. 
Bacillus (asco.). 



Micrococcus. 



Micrococcus. 

Bacillus 
(Tyrothrix). 



Thick motile rods en- 
larging for the spores; 
obligat. eerobic. 

Rods in long chains. 



Masses of cocci. 

Threads of rods that 
bend in various di- 
rections ; oval spores. 

Motile rods with spores. 

Motile rods, with spores 
in each end. 

Very small cocci, singly 
and in pslirs ; eerob. 

Cocci in short chains 
and bunches, colored 
by Gram. 

Straphylo and titrepto.. 
and in zoogloea, col- 
oi-ed by Gram. 

Large rods, motile, 
green-colored, due to 
chlorophyll; ajrobic. 

Cocci in zooglcea. 



Large oval cocci in 
pairs; aerobic. 

Straight and bent rods 
in bundles ; motile. 



Amyloid substance. 



Blue pigment, not 
soluble in wat«r, 
alcohol, or acid. 



Cherry-red 
ment. 



pig- 



Large round cocci in 
chains of eight and 
more. 

Diplococci and tetrads ; 
serobic. 

Small rods; spores; true 
auserobin. 



Green pigment, sol- 
uble in alcohol. 

Green pigment, s •!- 
uble in alcohol 
and water. 

Brown -red pig- 
ment ; foul odor. 

Citron yellow pig- 
ment. 



Cream-colored pig- 
ment. 
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BACTERIA.— Continued. 



Culture Characters. 



iNOt cultivated. 



Liquefy ; a deep-blue layer 
on potato. 

Not liquefy ; nail-shaped in 
test-tube. 

Rapidly liquefy on surface, 
a network centre on po- 
tato; round, light gray; 
grow rapidly. 



On potato; rapidly-form- 
ing eherry-red scum, not 
developed on gelatin. 

Not liquefy; small wax- 
like drops; thick gray 
layer on potato ; growth 
rapid. 

Not liquefy ; dark-yellow 
colonies; wax-like ap- 
pearance. 

Liquefy ; greenish-yellow 
colonies. 

Yellow-green layer on gel- 
atin. 

Not liquefy; slow growth; 
bright-red points. 

i>low growth ; after two 
weeks small yellow points 
which take various .shapes 
on potato: citron -yellow 
layer; growth more 
rapid. 

Dirty cream-colored col- 
onies, which are raised 
and moist. 

Lemon-yellow colonies. 



Actions. 



Habitat. 



Discoverev. 



Forms butyric acid in 
presence of lactic 
acid. 



Causes albumin to fer- 
ment. 

Ferments milk, pro- 
ducing the kefyr 
drink. 



A ir, earth, and wa- 
ter. 

Water. 



Air around old cul- 
tures. 

Cooked carrots and 
beets. 



Old cheese. 
Kefyr; grain. 

Water 

Pus. 

Pus. 

Water. 

Boiled eggs. 

Air and water. 
Skin in eczema. 



Water. 



Prazmowski 
and Van 
Tiegham. 

Smith. 



FlQgge. 
A. Koch. 

Duclaux. 
Kern. 

List. 

Passet. 

Passet. 

Engelman. 

Cohn. 

Flflgge. 

Unna and 
TommasolL 



List. 



Dust and blenor- ' Bumm. 

' rhagic pus. j 

Ferments milk, giving ' Fermenting albu- ! Duclaux. 
rise to alcohol. 1 min. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



GenuB. 



CONCENTRICUM. 



CORONATUS. 



CORYZ^. 



Crepesculum. 



Spirillum. 



Micrococcus. 



Micrococcus. 



I 



Micrococcus. 



Cyaneus. Micrococcus. 

Cyanooenus (blue Bacillus, 
milk). 



DiCHOTOMA. 

Diffluens. 

DiSTORTUS. 

Dysodes. 



Cladothrix. 



Micrococcus. 



Bacillus 
(Tyrothrix). 

Bacillus. 



Endofaragogicum.! Spirillum. 



Erythrosporus. 

FiGURANS 

(mycoides). 

FiLIFORMIS. 

Fischeri. 

FiTZIANUS. 



Bacillus. 



Bacillus. 



Bacillus 
(Tyrothrix). 

Bacillus. 
Bacillus. 




Thick motile spirals 
with flagella ; aerobic. 



Cocci singly and strepto- 
cocci; arobic. 

Large diplococci with 
rounded ends, the 
contact surfaces flat. 

Round and oval cocci, 
singly and in zooglcea. 

Oval cells. 

Motile rods in chains ; 
spores ; aerobic. 

Various forms — rods, 
spirals, and cocci, in 
long threads. 

Oval cocci ; aerobic. 



Product. 



Motile rods ; spores ; 
aerobic. 

Long and short rods; 
spores. 

Dry motile spirals, join- 
ed in peculiar shapes. 

Motile rods and 
threads ; spores, slen- 
der. 

Large motile rods; 
spores ; long threads ; 
aerobic. 

Short motile rods ; 
spores in one end. 



Blue pigment. 

Alkali and a pig- 
ment deepen^ 
by acids. 



Fluorescent pig- 
ment, soluble in 
water. 

Alkali. 

An odor resembling 
peppermint and 
turpentine. 



Greenish - yellow 
pigment. 



Short rods in threads ; 
spores as large as the 
rods. 



Phosphorescence. 
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B A CTERI A .—Continued. 



Culture Characters. 



Not liquefying ; concentri- 
cally-disposed colonies; 
very slow growth; not 
growing on potato. 

A halo formed around the 
colonies. 

White, raised glassy col- 
onies, at first like pneu- 
mococci, later culture 
flattened ; not liquefying. 



Bluish-green colonies. 

Not liquefying ; small white 
colonies. 



Cultiyated in infusion 
plants. 



of 



Do not liquefy ; small gran- 
ular, yellow, colonies ; 
green fluorescence. 



Does not liquefy; green 
fluorescence; white col- 
onies. 

Liquefying; root-like pro- 
cesses extending In the 
gelatin ; feather form in 
test-tube. 



Not liquefying; requires 
peptone for growth. 

Transparent on surface ; 
dark centre in the deep ; 
not liquefying. 



Actions. 



No pathogenic action. 



Changes milk to deep- 
blue color. 



Milk made viscid and 
casein precipitated. 



Causes casein to be pre- 
cipitated from milk. 



Habitat 



Putrefying blood. 



Air. 

Acute coryzal se- 
cretion. 



I Putrefying infu- 
sions. 

Cooked potatoes. 

Air of certain coun 
tries. 

Water, 



DiacoYerer. 



Kitasato. 

Fmgge. 
Hajek. 

^hn. 

Cohn. 
Fuchs. 

Cohn. 



Produces ethylic alco- 
hol in meat extract. 



Air. 


Schroter. 


Air. 


Duclaux. 


Bread and y^ast. 


Zopf. 


Trunk of worm- 
eaten tree. 


Sorokin. 


Air and putrefying 
substances. 


Cohn. 


Garden-earth. 


FlQgge. 




Duclaux. 




Beyerinck 


Unboiled hay-infu- 
sibn. 


Zopf. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 


Genus. 


Biology. Product. 


FLAVf. 


Sarcina. 


Small cocci iu packets. 


Pigment. 


Flavus. 


Bacillus. 


Small rods ; immotile. 


Pigment. 


Flavus desidens. 


Streptococcus. 


Cocci and diplococci in 
chains; terobic. 


Yellow-brown pig- 
ment. 


Flavus liquefa- 

CIENS. 


Micrococcus. 


Cocci and diplococci in Pigment, 
zooglcea. 


Flavus tardi- 

ORADUS. 


Micrococcus. 


Cocci in short chains, Chrome-yellow pig- 
and diplococci. ment. 


FlUORKSCENS F(S- 
TIDUS. 


Micrococcus. 


Small diplococci. 


Blue-green pig- 
ment : acids turn 
red. 


Fluorkscens 
liquefaciens. 


Bacillus. 


Short motile rods ; very 
thin. 


Green fluorescent 
pigment. 


Fluorescens niva- 
lis. 


Bacillus. 


Short rods ; motile. 


Blue-green pig- 
ment. 


Fluorescens pu- 

TRIDUS. 


Bacillus. 


Motile rods ; short,with 
rounded ends. 


Green fluorescent 
pigment. 


Foersteri. 


Cladothrix. 


Threads twisted in 
spirals; very irreg- 
ular. 




FCBTIDUM. 


Clostridium. 


Rods of varying length ; 
very motile; a large 
spore ill one end; 
anaerobic. 


Strong gas-produc- 
tion; very foul 
odor. 


F<ETIDUS. 


Micrococcus. 


See Crepesculum, with 


which it is identi 


FUESCENS. 


Sarcina. 






FULVUS. 


Micrococcus. 


Round cocci. 




FUSCUS LIMBATUS. 


Bacillus. 


Short rods; very mo- 
tile; facultatively 
anserobic. 


Brown pigment. 


FUSIFORME. 


Bacillus. 

• 


Spindle-shaped, with 

pointed ends. , 


Geniculatus. 


BacillMS 
(Tyrothrix). 


Rods variable length; 
spores. 


' A bitter substance. 


GiGANTEUS URE- 
THRJE. 


Micrococcus. 


Streptococci in thick 
knots. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Liquefying. 

Liquefying; yellow viscid 
colonies ; foul odor. 

Yellow porcelain- white col- 
onies. 

Liquefying rapidly; yellow 
colonies. 

Softens gelatin ; yellow 
beads, isolated. 

Little button-like colonies 
that later on sink iu, sur- 
rounded by violet-green 
color; liquefying; growth 
rapid. 

Liquefying ; white, sunken, 
iridescent colonies. 

Quicklv liquefying; growth 
FHpid; small white points; 
later on, surrounded by 
blue-green fluorescence. 

Not liquefying; transparent 
at first, then green flu- 
orescence and urinary 
odor. 



Liquefving ; growth rapid ; 
.«mall colonies that soon 
become filled up with 
fluid and assume a spher- 
ical form. 

cal. 

Conical rusty-red colonies. 

Small brown colonies, 
along needle-track little 
branches ; not liquefy. 



No growth on gelatin ; on 
agar, thin drops; nearly 
trMUsparent; verv slow 

growth; in bouillon, a 
aky precipitate. 



Colors the glacial wa- 
ters green. 



Vomited matter. 
Drinking-water. 

Air and old cul- 
tures; water. 

Air and old cul- 
tures; water. 

Air. 

Post-nasal space. 



Water and air ; con- 
unctival sac. 

In snow and ice of 
Norway. 



All putrefactions. 



Lachrymal canal. 



Old cheese and se- 
rum of mice in- 
oculated with 
garden -earth. 



Excrement of horse. 
In foul eggs. 



Mace. 

Flugge. 

FlOgge. 

FlQgge. 

Klamann. 



Fiagge. 
Schmolck. 



Flugge. 



Cohn. 



Liborius. 



Cohn. 

Scheiben- 
zuber. 



Spongy layer on ^ Warning, 
sea-water. i 



Air and milk. 



Duclaux. 



Normal urine and Lustgarten. 
urethra. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


Graveolens. 


Bacillus. 


Small rods, nearly as 
broad as they are 
long. 


Foul gas. 


HiEMATODES. 


Micrococcus. 


Cocci in little zooglcea. 


Red pigment. 


Hansen II. 


Bacillus. • 


Medium large rods. 


Yellow pigment ; 
insoluble. 


Hyacinth. 


Bacillus. 


Short rods in dumb- 
bell shapes. 




Hyalina. 


Sarcina. 


Bound cocci in groups 
of 4 to 24. 




Ianthinus. 


Bacillus. 


See Bacillus violaceus. 




Indicus. 


Bacillus. 


Short motile rods; no 
spores ; anserobin 
facul. 


Scarlet pigment al- 
tered by heat. 


Intestinalis. 


Sarcina. 


Very regular packets 
of cocci, eight in each. 




Jkquirity. 


Bacillus. 


Medium-sized rods ; 
spores. 


Ferment called 
abrin. 


ECuniana. 


Crenothrix. 


Long threads, breaking 
up into cocci. They 
are ensheathed. 




Lacteus favifor- 

MIS. 


Micrococcus. 


Diplococci; not decol- 
orized by Gram. 




Lactis erythrog- 
enks. 


Bacillus. 


Short immotile rods; 
round ends. 

• 


Yellow pigment 
and red pigment 


Leftomitiformis. 


Beggiatoa. 


Filaments medium 
size. 




Leucomel^n um. 


Spirillum. 


Two or three spirals; 
dark granular con- 
tents; clear spaces 
between. 





LiNEOLA. 


Bacillus. 


Short motile rods in 
zooglcea, with flagella. 




LlODERMOS. 


Bacillus. 


Short motile rods ; 
rounded ends. 
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BACTEKIA.~CoNTiNUED. 



Culture Characters. 



Liquefying ; irregular gray- 
ish, later greenish, colo- 
nies, with very foul odor. 

Grows best on white of 
egg at 37° C. ; red layer. 

On potato, a yellow growth 
which changes with age. 



Liquefying ; oval colonies ; 
scarlet-colored. 



Colonies brick-colored from 
oxide of iron. 

Not liquefying; white col- 
onies ; grow well on po- 
tato. 

Small, round yellow dots, 
later on cup-shaped, with 
rose-colored periphery ; 
liquefying. 



Slimy layer on potatoes. 

Liquefying; transparent, 
then thick layer on po- 
tato; like gum. 



Actions. 



Ferment causes oph- 
thalmia. 



Habitat. 



Skin between toes. 



Sweat of man. 

Yellow skin of 
nutrient infu- 
sions. 

Slime of diseased 
hyacinth-bulbs. 

Marshes. 



Intestine of mon- 
key. 

Intestine of fowls. 

Infusion of jequir- 
ity bean. 

Drinking-water of 
wells. 

Mucus of vagina 
and uterus. 

In red milk and 
fseces. 



Sulphur waters. 

Water over rotting 
plants. 



Stagnant water. 
Air and potatoes. 



Discoverer. 



Bordoni- 
Uffreduzzi. 

Zopf. 

Rasmussen. 

Wakker. 
Kutzing. 

Koch. 

Zopf. 

Sattler. 

Rabenh5rst. 

Bumm. 



Hueppe and 
Grotenfeldt. 



Trgvisan. 
Perty. 

MQller. 
Fliigge. 



no 



CHIEF CHARACTBRISTICS 



NON-PATHOGENIC 



Name. 



LiTORALIS. 

LiTOREUS. 

LiVIDUS. 

LUTEA. 

LXJTEUS. 
LUTKUS. 
LUTBUS. 



Maidis. 



Genus. 



Biology. 



I 



Product. 



Marsh. 
Meoateriuh. 

Melanosporus. 



Merismo-pedi- 

OIDES. 



Mesentericus fus- 
cus (potato). 

Mesentericus vul- 
GATrs (potato). 



Merismopedia. 

Bacillus. 

Bacillus. 

Sarcina. 

Bacillus. 

Micrococcus. 

Micrococcus. 



Bacillus. 



Spirillum. 
' Bacillus. 

Bacillus. 
Bacillus. 



Bacillus. 



Bacillus. 



Cocci in groups of fours, 
containing sulphur. 

Oval rods, never in 
chains or zoogloea. 

Medium-sized rods; 
motile. 



Cocci singly and in 
fours. 



Short immotile rods, 
with large oval spores. 

Oval cocci. 



Diplococci very motile. 



Rods with pointed 
ends ; very motile ; 
seldom in threads; 
oval spores. 

See PHcalile. 

Large motile rods ; 
spores; serobic. 

Rods; eerobic. 



Threads of rods which 
are formed from 
cocci-like spores; 
zoogloea in packets. 

Small motile rods with 
spores. 

Thick motile rods iit 
threads; spores. 



Deep blue-black 
pigment. 



Pigment citron- 
yellow. 



Pigment ; soluble 
in water; acids 
intensify. 

Pigment, not acted 
upon by acid or 
alkali. 

Yellow pigment, 
turning brown- 
red. 



Black pigment, not 
acted upon by 
acids or alkalies. 



Diastase. 
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BACTERIA.— Continued. 



Culture Characters. 



Ink-spot at first, slowly 
liouefying; blue-violet 
colored lat«r on ; slow 
growth. 

Notliquefyiug; little eleva- 
tions ; citrou-yellow cen- 
tre ; yellow layer on po- 
tato. 

Not liquefying; irregular 
in form; golden-yellow 
colored. 

Do not liquefying; small 
citron-yellow colonies on 
potato. 

Round, light-yellow col- 
onies, growing larger in 
a few days ; on potato a 
slimy covering with 
mouldy odor ; slowly liq- 
uefying. 

Gray points in deep, veil- 
like on surface; liquefy- 
ing; on potato, a wrink- 
led skin of brownish 
color. 



Yellow irregular masses; 
thick layer on potato. 

First gray, then black, pel- 
licle. 



Liquefying; white colo- 
nies, rav-like periphery ; 
brown layer on potato. 

Yellow colonies, dark cen- 
tre, ciliary processes at 
periphery ; brown layer 
on potato, penetrating 
the substance. 



Actions. 



In solutions of sugar 
an aldehyde pro- 
duced. 



Habitat. 

Sea-water. 

Sea- water. 

Berlin Water- 
works. 

Air. 

Air. 
Air. 
Water. 



Discoverer. 



In maize and in 
pellegra; feeces. 



Coagnlntes milk and 
forms diastase out of 
starch. 



Cooked cabbage. 
Air and potatoes. 



Stagnant water. 



Potato. 



Air and 
toes. 



De Bary. 
Eidam. 

Zopf. 

Flugge. 

I 

I 

old pota- ' Flugge. 



Oersted and 
Rabenhorst. 

Warming. 

Plogge and 
Proskauer. 



Schr,6ter. 

FlQgge. 
Schroter. 
Adametz. 



Paltauf and 
Heider. 
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CHIBF CHARACTBRISTICS 



NON-PATHOGENIC 



Name. 



MESENTEROtDES. 

Miller's. 

MiNUTA. 
MiRABILIS. 



Multipediculosus. 
multiseptata. 




Nasalis. 
Navicula. 

NiTRIFICANS. 
NiVEA, 

NODOCUS PARVUS. 



Oblonous. 



OCHROLEUCUS. 



Leuconostocci. 

Bacillus. 

Sarcina. 
Begglatoa. 

Bacillus. 

Phra|;midio- 
thrix. 



Paludosa. 



Micrococcus. 

Bacillus. 

Micrococcus. 

Beggiatoa. 

Bacillus. 



Micrococcus. 



Micrococcus. 



Sarcina. 



Masses of cart ilaginous 
zoogloea, composed of 
rods and cocci; ar- 
throspores. 

Delicate rods, slightly 
curved; immotile. 

Cube shaped packets. 

Verj- wide threads, 
rounded ends and 
curled; sulphur gran- 
ules. 

Ix>ng, slender rods. 

Long threads, contain- 
ing cocci which are 
not free; they have 
no sulphur, and are 
not enclosed in a 
sheath. 

Diplococci, motile ; also 
streptococci. 



Spindle-shaped rods. Amyloid material 



Product. 



Small cocci. 

Very thin filaments. 

Rods formed at angles ; 
immotile. 



Motile cocci, singly and 
in filaments ; aerobic. 



Cocci in pairs and pack- 
I ets; spores. 

! Spherical, transparent, 
I colorless cocci. 



Forms saltpetre. 



Yellow pigment. 
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BACTERIA— Continued. 



Culture Characters. 



Liauefies ; not growing on 
the surface. 

Grows slowly; reacts to 
iodine, turning blue. 



Actions. 



Habitat. 



Insect-shaped colonies. 



Grayish points, raised; 
opaque ; rapid growth ; 
not liquefying. 



White flakes. 

Slow growth at 37° C. ; in 
agar a white line, which 
in the centre becomes 
porous. 

Grows best in cultures to 
which glucose and am- 
nion, tartrate have been 
added. 

Liquefying ; slow growth ; 
tnin yellow membrane; 
sulphurous odor. 



Converts molasses into 
a gelatinous mass. 



Beet-root juice. 

Caries of teeth. 

Sour milk. 
Sea-water. 



Potatoes. 
Sea-water. 



Discoverer, 



Cienkowski. 

Miller. 

De Bary. 
Cohu. 

Flugge 



Nasal space and se- 
cretion. 

Potatoes. 

Soil. 

Sulphur waters. 

Urethral secretion. 



Causes gluconic 
mentation. 



fer- , Beer. 



Urine. 



Hack. 

Reiuke and 
Berthold. 

VanTiegham. 

Rabenhorst. 

Lustgarten. 



Boutroux. 



Water from sugar- 
lactory. 



, Prove. 



Schroter. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Pasteurianus. 



PflCgeri. 
Phosphorescens 

GELIDUS. 

Phosphorescens 

INDICUS. 

Phosphorescens, 
North Sea. 

Photometricus. 



Plicatile. 

polymyxa. 

Prodigiosus. 

Proteus mirabilis. 



Proteus vul- 
garis. 

Proteus Zenkeri. 

Pseudo-diphthe- 
ria. 



Genus. 



Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 
Bacillus. 

Bacillus. 

Spirillum. 

Clostridium. 

Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 




putrificus coli. 

Pyogenes te.nuis. 
Radiatus. 



Bacillus. 

Micrococcus. 
Bacillus. 



Radiatus. 



Streptococcus. 



Differs from bacil. aceti 
in that the cells con- 
tain an amyloid mat- 
ter. 

Short rods in threads. 

Motile; round, short 
rods; a;robic. 

Large motile rods. 
Motile rods. 



Motile, 
rods. 



red-colored 



Long motile, thin 
spirals; round ends. 

Motile rods in threads 
with spores. 

Short motile rods ; 
aerobic. 

Very motile, short rods; 
aerobic. 

Rods sometimescurved, 
as spirillum. 

Motile rods. 

Small rods, similar to 
the true bacillus ; im- 
motile. 



Slender motile rods ; 
long threads ; spores. 



Phosphorescence. 
l*hosphoreseence. 
Phosphorescence. 
Phosphorescence. 



Sulphur and red 
pigment caused 
by light. 



Amyloid, colored 
blue by iodine. 

Red pij^meut, sol- 
uble m alcohol 
trimethylauiine. 



Motile rods with round- Strong - smelling 
ed ends; auserobic; . gas. 
oval spores. 



Small cocci in chains. 



O' 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Not liquePg; requires glu- 
cose ; grows well on potato. 

ITot liquefying; grows best 
with glucose and salt. 

Liquefying; grows best at 
30OC. 

Liquefying; colonies look 
as if punched out; grows 
best at 15° C. 

Movc>ments depend upon 
light. 



Thick skin on potato. 

Little re<l colonies; lique- 
fying rapidly ; especially 
abundant on potatoes. 

Liquefying slowly ; opaque 
centre, irregular pro- 
cesses. 

Liquefying quickly. 

Not liquefying; thick white 
layer on potato. 

Grows at ordinary tem- 
perature, rapidly form- 
ing on surface a brown- 
ish growti ; piu-head 
colon ies raised aoove sur- 
face; not liquefying. 



Causes fermentation in 
dextrin solutions. 



Not virulent. 



( )n agar, a glassy growth. 

Liquefying ; growth rapid ; 
colonies nke moulds, 
from centre radiating 
in all directions and 
through the gelatin ; the 
air must be excluded. 

Liquefying; white colonies 
with greenish tinge ; fun- 
nel-shaped in test-tube. 



Decomposes albumen. 



Not pathogenic. 



Heavy beers. 

Putrid meat and 
fish. 

Salt fish. 
Tropical seas. 
Water around Kiel. 



Stagnant water. 



Bread and pota- 
toes. 

Putrefaction. 

Putrefaction. 
Putrefaction. 



Discoverer. 



Hansen. 

Ludwig. 
Forster. 
Fischer. 
Fischer. 

Engelman. 

Ehrenberg. 

Prazraowski. 

Ehrenberg. 



I Hauser. 

Hauser. 
Hauser. 



In diphtheritic Wellenhof. 
membrane and ' 
normal pharynx. > 



Human faeces. 

Closed abs^cesses. 

In serum of white 
mice inoculated 
with earth. 



Air. 



Bienstock. 

Rosen bach. 
Liideritz. 



FlUgge. 
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CHIEF CHARACTBRISTICS 



NON-PATHOGENIC 




Ramosus liquefa- 

CIBNS. 

Reitenbachii. 



Rosace us. 



Rosea. 



Rosea perseina. 



ROSEUM. 

Ruber. 

RUBRUM. 

RUFUM. 
RUGULA. 

Saprogenes. 

Scaber. 
Scheurlen's. 



Septicus. 



Serpens. 



Bacillus. 
Merismopedia. 

Micrococcus. 
Sard n a. 
Beggiatoa. 



Spirillum. 

Bacillus. 
Spirillum. 

Spirillum. 

Spirillum 
(vibrio). 

Bacillus. 



Bacillus 
(Tyrothrix). 

Bacillus. 



Bacillus. 



Spirillum. 



Motile rods. 



Cocci in packets or 
plates ; colorless cell- 
wall containing chlo- 
rophyll. 

Large cocci in pairs and 
tetrads. 

Spherical cocci in cubi- 
cal packets. 

Ijong rods with cocci- 
shaped bodies in 
them, containing sul- 
phur and a red pig- 
ment. 

Very short curved rods ; 
motile and spores. 

Motile rods in groups. 

Motile; short spirilla; 
aerobic. 

Long motile spirals. 

Motile rods, in long 
spirals, singly and in 
chains, with flagella 
and spores ; anaerobic. 

Large rods, terminal 
spores; facultatively 
anaerobic. 

Short motile rods in 
chains; spores; aerobic. 

Short motile rods ; 
spores. 



Non-motile rods in 
threads and spores; 
anaerobic. 

Lonp, lively threads, 
with three windings. 



Red pigment. 



Pigment called bac- 
terio-purpuriu. 



Pigment soluble in 
alcohol. 

Brick-red pigment. 
Pale-rose pigment. 

Red-rose pigment. 



Tyrosin and leucin 
are formed. 
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BACTERIA.— Continued. 



Culture Characters. 



Liquefying ; concentrical 
colon ies ; fun nel-sliaped 
Id test-tube. 



Not liquefying; small red 
knobs, with fsecal odor. 



Not liquefying ; thick vio- 
let colonies ; deep red on 
potato. 



Not liquefying ; grows slow- 
ly; pale-rose colonies. 



Liquefying rapidly ; round 
yellow dots with zone; 
fsecal odor. 

Grows slowly ; foul odor. 



(Jrowth best at 39° C; 
slowly liquefying on po- 
tato; a yellow, wrinkled 
skin, underneath which 
a red color. 



Actions. 



Habitat. 



Air. 



Causes cellulose to fer- 
ment. 



Air. 

Marshes. 

Marshes. 



Discoverer. 



Fiagge. 
Caspary. 

Flugge. 

Schroter. 

Zopf. 



Blennorrhagic pus. 

Boiled rice. 
Dead mice. 

Stagnant water. 

Vegetable infu- 
sions and tartar 
of teeth. 

Putrefaction. 



In carcinomatous 
and normal mam- 
ma. 



Putrid blood. 
Stagnant water. 



Mace. 

Frank. 
Esmarch. 

Perty. 

MOller. 



Rosenbach. 



Duclaux. 



Scheurlen. 



Klein. 
Mailer. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Genus. 



Biology. 



Product. 



SiMILIS. 


Bacillus. 


Spinosus. 


Bacillus. 


SUBFLAVUS. 


r 

Micrococcus 


SrBTILIFORMIS. 


Bacillus. 



SuBTiLis (hay ba- Bacillus, 
cillus). ; 



Syncyaneus. Bacillus. 

Synxanthus (yel- Bacillus, 
low milk). 



Tknuk. 


Spirillum. 


Tenuis. 


Bacillus 
(Tyrothrix) 


Termo. 


Bacillus. 


Tremulus. 


Bacillus. 


Tumescens. 


Bacillus. 


Turgidus. 


Bacillus 
(Tyrothrix) 



Ulna. 

Undula. 
Urea. 

Urina. 



Bacillus. 

Spirillum. 
Bacillus. 

Sarcina. 



Immotile rods; trans- 
parent spores. 

Large motile rods ; 
spores; true aneero- 
bin. 

Diplocnci colored by 
Gram's fluid. 

Immotile rods in ' 
threads ; transparent 
spores. I 

Large motile rods, three 
times longer than 
broad, in threads, 
with flagella and 
spores; aerobic. 

Same as Q/anogentu. 

Short, thin motile rods. 



Large motile spirals 
with flagella. 

Motile rods in long 
chains; spores. 

Short motile, cocci-like 
rods in zoogloea. 



Motile rods with flagel- 
la and large round 
spores. 

Short rods with spores. 

Short immotile rods in 
long chains; spores; 
ccrobic. 

Very large rods in 
chains and singly ; 
not very motile; large 
spores. 

Long motile spirals, 
with flagella. 

Short rods ; spores ; 
eerobic. 

Small cocci in families. 



Yellow pigment, 
soluble in wat«r; 
similar to aniline 
colors. 



Carbonate of am- 
monium. 



Ferment, propyla- 
mine. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Grows rapidly. 

Liquefying; spiny periph- 
ery ; foul oidor due to 
methylmercaptin. 

Liquefying; yellow dots. 



Grows best at 37° C. 



Liquefying ; gray centre, 
wreath-like border ; thick 
layer on potato. 



In boiled milk a yellow 
pigment is formed. 



Liquefying; opaque cen- 
tre, yellow layer next, 
and the neriphery lobed ; 
funnel -snaped in test* 
tube. 



Albuminous decompo- 
sition. 



Human faeces. 



Garden-earth. 



Vaginal secretion 
and lochial dis- 
charges. 

Human faeces. 



Soil and dust, hay, 
etc. 



Boiled milk and 
potatoes. 

Stagnant water. 



On boiled carrots a wrin- 
kled gelatinous disk. 

A pellicle formed on sur- 
face of milk; a heavy 
precipitate beneath. 

On boiled egg little zoog- 
Icea. 



Resembling a globule of 
fat; grows well in mu- 
cous urine. 



Precipitates casein; Fermenting cheese 
forms a pellicle on and milk, 
milk. 

' Connected with 

putrefaction of 
plants. 



BieuKtock. 
LQderitz. 

Bumm. 

Bienstock. 

Ehrenberg. 



Putrefying plants. 



Boiled carrots. 

Fermenting milk 
and cheese. 



Ehrenberg. 

Ehrenberg. 
Duclaux. 

Dujardin. 



Zopf. 
Duclaux. 



Splits urea into am- 
mo nii carbonas. 



Putrefving water Cohn. 
and boiled eggs. 



Vegetable infusions. 
Stale urine. 

Bladder. 



Miiller. 
Miquel. 

Welcker. 
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CHIEF CHARACTERISTICS 



Xaroe. 



Urocbphalus. 

Ventricula. 
Vkntriculi. 

Versicolor. 

ViOLACEUS. 
ViOLACEUS. 
ViRENS. 

Virescens. 

ViRGULA. 
ViRIDIS. 

ViSCOSUS. 

Viscosus. 

VlTICULOSOS. 

VOLUTANS. 
ZOPPI. 




Bacillus 
(Tyrothrix). 

Sarcina. 

Bacillus. 



Micrococcus. 
Bacillus. 

Bacillus. 

BacilluR. 
Bacillus. 



Bacillus 
(Tyrothrix). 

Bacillus. 
Bacillus. 



Micrococcus. 

Micrococcus. 

Spirillum. 
Bacillus. 






NON-PATHOGEN I (^ 



Product. 



Cylindrical motile rods 
with spores ; aneero- 
bic. 

Cubical packets of 8 to 
64 cocci. 

Rods motile, often in 
bundles of four. 

Small cocci. 

Motile rods, round end ; 
spores. 

Immotile rods, forming 
large spores. 

Straight rods; spores; 

immotile; green 

tinged. 
Short motile rods with 

flagella very broad. 



Slender immotile rods ; 
spores eerobic. 

Little immotile rods; 

oval spore, which is 

tinged green. 
Motile rods, rounded 

ends, usually in pairs. 



Streptococci of globular 
cells. 

Oval cocci in large 
groups. 

Long spirals with 
flagella. 

Long motile rods,break- 
ing up into spores 
like cocci. 



Violet pigment, sol- 
uble in alcohol. 

Violet pigment, 
like aniline. 

Supposed to con- 
tain chlorophyll. 

Deep-green pig- 
ment, turning 
yellow-brown. 



Green pigment. 



Gummy substance, 
called viscosa, ai.d 
ferment. 
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BACTERIA.— Continued. 



Culture Characters. 



Not liquefying. 

Round colonies with dark 
centre ; slow growth ; not 
liquefying. 

Not liquefying ; iridescent 
. yellow surface. 

Not liquefying ; centre deep 
violet ; color remains on 
agar a long time. 

Liquefying ; transparent 
colonies, surrounded by 
violet zone. 



Deep round colonies, the 
vicinity colored green; 
grows on surface; slow 
growth ; not liquefying. 



Bapid growth, liquefying; 
small hair-like processes 
from colonies; later on, 
viscid and in threads, 
with green fluorescence. 



Not liquefying; a fine net- 
work in the colony ; mu- 
coid layer on potato. 



Not liquefying; forms thick 
coils like braided hair. 



Actions. 


Habitat. 


Discoverer. 




Fermenting milk. 


Duclaux. 




Contents of stom- 
ach. 


Goodsir. 


Peptonizes albumen. 


Stomach of dogs 
fed on meat. 


Raczynssky. 




Air. 


Fliigge. 




Water. 


Zopf. 


. . . • . . 


Boiled potato and 
water. 


Schroter. 




Stagnant water. 


VanTiegham. 




Green sputum. 


Frick. 


• 


Milk. 


Duclaux. • 




Water. 


Vanjiegham. 




Water and earth. 


Francland. 


Mucoid fermentation 
in wine and beer. 


Beer and wine. 


Pasteur. 





Air. 


Flugge. 




Marshes. 


Ehrenberg. 




Intestinal contents 
of fowls. 


Kurth. 
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CHIEF CHARACTERISTICS 



PART II. 



Name. 


Geniis. 


Biology. 


Product. 


Acute Yellow 


Micrococcus. 






Atrophy. 








Alvei. 


Bacillus. 


Rods with large spores. 




Amylivorus. 


Micrococcus. 


Oval cells, never in 
chains. 


Forms butyric acid 


Anthrax. 


Bacillus. 


Straight rods, slightly 
concave ends ; immo- 
tile; eerobic; spores. 


Toxalburain. 


Articulorum 


Micrococcus. 


Oval cocci in long 
chains, identical with 




(diphtheriticus). 










pyogenes. 




Biskra Boil (Alep- 


Micrococcus. 


Cocci united often in 




po boil). 




large numbers; im- 
motile ; capsules 
around diplococci. 




BOMBYCIS. 


Micrococcus. 


Oval cocci in chains 
and zoogloea ; motile. 




BUOCALIS. 


Leptothrix. 


Long threads in thick 

.bundles, containing 

masses of cocci and 














spirals. 




Cattle Plague 




See Hcemorrhagic Sq^ti 


ccemia and Swine 


(Texas fever). 








Cavicida. 


Bacillus. 


Little rods twice as long 


Propionic acid 






as broad. 


through decora- 
position of sugar. 


CHAUViEi (symp- 


Bacillus. 


Large rods with a spore 


Toxalbumin. 


tomatic anthrax), 




at one end, assuming 




(Rauschbrand). 




the Clostridium type ; 
motile ; never ' in 
threads ; true ansero- 
bin. 




Cholera ASiATiCiE 


Spirillum. 


Motile spiral-shaped 


Ptomaine-like mus- 






rods, often in chains ; 


carine ; and tox- 






very short flagella on 


albumin, soluble 






ends, and strictly 


in water. 






serobic; spores have 
not been round. 




« 
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PATHOGENIC BACTERIA. 



Culture Characters. 



T.iguefying; growths ra- 
diatiag from centre 
downward; on potato a 
dry yellow layer. 



Liquefying; granular col- 
onies with irregular bor- 
der; on potato a dry, 
creamy layer; in test-tube 
a thorny, prickly track. 

Grows well on gelatin ; pale- 
gray colonies ; not lique- 
fying; slow growth on 
potato. 

Liquefying ; light-yellow 
colonies ; grow quickly. 



Plague. 

Not liquefying; irregular 
scale-like colonies, mak- 
ing the gelatin viscid. 

Liquefying; opaque centre 
with ragged periphery ; 
in test-tube growth be- 
low, witli gas formation. 



Liquefying slowly, small 
depressed scars giving 
a frosted appearance, or 
like ground glass ; on po- 
tato, a thin brown layer; 
in test-tube, a funnel- 
shaped liquefaction, with 
a bubble of air in the top, 
the funnel taking six or 
seven days to form well. 



Actions. 



Produces a disease in 
bees called " foul 
brood." 

" Fire-blight " in pear 
trees. 

Causes splenic fever in 
auimals ; malignant 
pustule in man. 



Fatal in mice and rab- 
bits. 



Produces the Aleppo or 
Biskra boil, common 
in Africa and Asia. 

Causes '• flacherie " in 

silkworms. 
Causes dental caries. 



Kills guinea pigs. 



Causes " black leg," or 
Rauschbrand, in cat- 
tle. 



Causes cholera Asiatica 
in man and a similar 
trouble in animals. 



Habitat. 



Liver of yellow 

atrophy. 
Larvee of bees. 



Found in tissues 
and excreta of 
diseased animals. 



Mucous membrane 
of diphtheria. 

Blood of the dis- 
ease. 



Intestines of silk- 
worms. 
Teeth slime. 



Human faeces. 



Animals affected 
with disease. 



Faeces of cholera 
patients. 



Discoverer. 



Eppinger. 

Cheshire and 
Cheyne. 



Burrill. 

Raver and 
Davaine. 



Loffler and 
Cohn. 



Duclaux and 
Heyden- 
reich. 

B^champ. 

Robin. 



Brieger. 



Arloing, Car- 
nevin, aud 
Thomas. 



Koch. 
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CHIBF CHARAOTERISTIOS 



PATHOGENIC 




Cholera oalli- 
NARUM (chicken 
cholera). 

Cholera nostras 
(Flnckler). 



CoLi communis. 



Cbassus sputiq- 

ENUS. 



Bacillus. 



Spirillum. 



Bacillus. 



Dbcalvens. 
Dentalis 

DANS. 



VIRI- 



DlARRH(EA OF IN- 
FANTS. 



Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 



DlARRH(EA OF 

Meat-poisoning. 

DiPHTHERIJE. 



Diphtheria of 

Calvks (Vitu- 

lorum). 
Diphtheria in 

Pigeons (Colum- 

barum). 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Immotile, cocci - like 
rods ; without spores ; 
strictly aerobic. 

Motile, comma-shaped 
rods ; strictly serooic. 



Short motile rods, 
slightly curved, with- 
out spores; faculta- 
tively anaerobic. 

Short, thick rods with 
rounded ends. 



Spherical cells in great 
numbers. 

Slightly curved rods, 
round ends. 



Motile, medium-sized 
rods ; spores ; aerobic. 



Rods in groups of two 
and singly ; round 
ends; spores. 

Immotile, middle-sized 
rods, rounded ends; 
facultat. anaerobic. 

Long rods in threads. 
Short rods in groups. 



Toxalbumin. 



Gray pigment. 



Toxalbumin. 



Toxalbumin. 



OF THE PRINCIPAL BACTERIA. 



185 



BACTERIA.— Continued. 



Cnlture Charactera. 



Not liquefying; small iso- 
lated white disks ; in test- 
tube, a granular track ; 
very faint. 

Liquefying rapidly ; col- 
onies yellow-brown thick 
masses ; in test-tube, fun- 
nel formed in 24 hours, 
dissolving all gelatin in 
two days; profuse gray 
mass on potato. 

Not liquefying; dark cen- 
tre, undulated periphery; 
green-colored layer on 
potato; milky layer on 
surface of test-tube. 

Not liquefying; oval gray- 
ish, slimy colonies; nail- 
shaped growth in test- 
tube. 



Not liquefying ; round, 
sharply - outlined col- 
onies, with bluish-gray 
opalescence. 

Not liquefying; green col- 
onies with roul odor. 



Not liquefying; little yel- 
lowish colonies ; a mem- 
branous layer on potato. 



Whitish patches. 



Actions. 



Causes chicken cholera 
in fowls; not acting 
on man. 

Harmless in man ; fatal 
to guinea pigs. 



Fatal to guinea pigs 
and rabbits; causes 
diarrhoea in man. 



Habitat. 



Blood and feeces of 
diseased fowls. 



Faeces of cholera 
nostras and caries 
of teeth. 



Fieces of nursing 
infants: water; 
choleraic stools. 



Mice and rabbits die in ' Sputum. 
48 hours with gastro- ' 
enteritis. 



Causes alopecia areata. 

Septic processes and 
death in mice and 
pigs- 
Causes ^reen diarrhoea 
in animals when in- 
travenously injected, 
and is the cause of 
^reen diarrhoea in 
infants. 

Causes death in ani- 
mals, with symptoms 
of septiosemia. 

Gives rise to diphtheria 
in man and animals. 

When inoculated in 
mice causes death. 

Necrosis in pigeons and 
other animals. 



In roots of hair. 
In caries of teeth. 



Fepces of infants 
suffering from 
green diarrhoea. 



Blood and juices of 
choleraic diar- 
rhoea. 

Diphtheritic exu- 
date. 

Diphtheritic mem- 
brane of calf. 

Diphtheritic niem- 
brane in pigeons. 



Discoverer. 



Pasteur. 



Fiuckler and 
Prior. 



Escherich. 



Kreibohm. 



Thin. 



Miller. 



Lcsage. 



Klein. 



Loffler. 



Lo filer. 



Loflaer. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 




Product. 



Duck Cholera. Bacillus. 



Dysentery (epi- 
demic). 



Erysipelas of 
Swine (Rothlauf; 
rouget du pore). 



F(ETIDUS oz^N^. 



Frog Plague. 
Gangrene. 

GiGANTEA. 



GiNGIV-K PYOG- 

ENES. 



Glanders (Rotz, 
Mallei). 



Gonorrhcea (Gono- 
coccus). 

Grouse Disease. 



H^MATOCOCCUS 
BO VIS. 



hemophilia NEO- 
NATORUM. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 
Micrococcus. 

Leptotbrix. 
Bacillus. 

Bacillus. 

Micrococcus. 

Bacillus. 

Diplococcus. 



Micrococcus. 



Similar to chicken chol- 
era bacillus; immo- 
tile. 



Short motile rods ; very 
thin. 



Small, slender motile 
rods ; facultatively 
anserobic. 



Short rods, very mo- 
tile: in pairs and 
chains. 



See Swine Plague. 
Oval cocci in zoogloea. 

Long rods, cocci and 
short rods in one; 
thread also spiral. 

Short thick rods with 
rounded ends. 



Slender, im motile rods, 
usually singly; spores; 
facultatively ansero- 
bic. 

Diplococci kidney- 
shaped; motile; do 
not color with Gram. 

Small rods and oval 
cocci in chains; im- 
motile. 

Cocci seldom in chains ; 
surrounded by a pale 
zone. 



Two vaccines, which 
give immunity. 



Foul gas. 



OP THE PRINCIPAL BACTERID 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Small round yellow col- 
onies like wax-drops ; not 
liquefying. 



Not liquefying ; concentri- 
cally-arranged colonies ; 
dry yellow membrane on 
potato. 

Very delicate silver-gray 
clouds on the gelatin, like 
bone-cells; not liquefy- 
ing; in test-tube a very 
faint clouding. 

Small greenish colonies 
which soon become li(}ue- 
fied and indistinguish- 
able: a foul odor pro- 
duced. 



Grayish colonies with foul 
odor. 



Growth rapid; liquefying; 
round colonies, visible to 
naked eye in 24 hours. 

Light yellow, like honey, 
colonies, turning red- 
brown in a few days. 

Grow on blood-serum. 



Not liquefying ; small scales 
which turn gray in a few 
days, the edges serrated. 

Best at 38° C. ; not liquefy- 
ing; small white points; 
sparse growth on potato ; 
transparent. 



Fatal for ducks, but not 
for chickens or pig- 
eons ; less active tnan 
chicken cholera; 
causes diarrhoea and 
exhaustion. 

The cause of epidemic 
dysentery in man ; 
enteritis in guinea 
pigs. 

Causes erysipelas in 
swine and other ani- 
mals ; the German 
"Rothlauf," French 
" rouget du pore." 

Mice are killed by in- 
jection ; rabbits af- 
fected with progres- 
sive gangrene. 



Blood of diseased 
ducks. 



Caiises caries of teeth. 



Fatal to mice, with sep- 
tic processes. 

Glanders is caused by 
the bacillus in man 
and animals. 

Gonorrhoea in man. 



Fatal for mice and 
guinea pigs. 

Fatal for rabbits and 
rats; hypersemia of 
lungs and spleen; 
blo^ - exudate in 
peritoneal cavity. 

Supposed to be the 
cause of the disease. 



In faeces and mesen- 
teric glands. 



Blood and organs 
of diseased ani- 
mals. 



Secretion of per- 
sons suffering 
from ozeena. 



Gangrenous tissue. 

Diseased teeth of 
animals. 

Suppurating pulp 
of tooth. 



In epithelium and 
ulcerated glands. 



Gonorrhoeal pus ; 
in pus-cells and 
epithelium. 

In blood and or- 
gans of diseased 
grouse. 

Blood and organs 
of animals dis- 
eased with hsemo- 
globinuria. 

Found in this dis- 
ease. 



Cornil and 
Toupet. 



Chantemesse 
and Widal. 



Ldffler. 



Hajek. 



Eberth. 



Miller. 



Miller. 



Loffler. 



Neisser. 



Klein. 



Babes. 



Klebs. 



188 



.CHIEF CUARAOTERISTICS 



PATHOGENIC 



Kame. 


Genus. 


Biology. 


Product. 


HjRMORRHAOIC 

bKFTiCiEMiA (In- 
fectious Pleuro- 
pneumonia, Wild 
Plague, German 
Swine Plague, 
Cattle Plague, 
Steer Plague,Rab- 
bit Septicsemia). 


Bacillus. 


Short rods, twice as 
long as broad; im- 
motile. 


• ■ • • • 


Hog Cholera 
(Swedish swine 
plague). 


Bacillus. 


Very motile oval rods, 
similar to hsemor- 
rbagic septicsemia. 


Peptonizes milk 
without coagula- 
tion. 


Insectorum. 
Lactis jerogenea. 


Micrococcus. 
Bacillus. 


Oval cells in chains and 
zoogloea ; streptococci. 

Short, thick immotile 
rods. 




Lepr^. 


Bacillus. 


Slender, immotile rods 
with pointed ends. 




LiQUEFACIENS OON- 
JUNCTIViB. 


Micrococcus. 


Single cocci ; never in 
threads. 




Lupus. 


Bacillus. 


Same as Tuberculosis. 




Malaria. 


Bacillus. 


Hods in filaments, with 
spores at each end; 
ffirobic. 




MalignantCEdema 
(Gangrenous Sep- 
ticaemia, Vibrio 
Septique). 


Bacillus. 


liarge, slender rods, 
rounded ends, often 
in threads; motile, 
with flagella and 
spores ; strongly 
anaerobic. 


Soluble vaccine. 


Mammitis of Cows. 


Micrococcus. 


Oval cocci in chains; 
streptococci ; facul- 
tatively anaerobic. 






[ 


, 
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BA CTEBI A.— CoNTiNrrBD. 



H liquefying. 



Small pDrcelalii-like diakB 
fiiDDel-sbHjicd in teat- 

Od blood -wrum round 
"hile P[«^« "I'll !'■ 

Liquefyinij; growth tbpid; 



Liquefying; thick a 

hlgli"Ii1ui?Ein'*l^[: 
eBs-biibblei >ri8e, 
fnul odor. 

Not lique^ing 



. dlKSEe bBiing dif- 



Iconueiuusdisea: 
the chinch-bug. 



.nimals qutckly die 



Cwsslowlyiiu Wst-liihe, ] 



Blood aod aerum of 



NateprSBd tbcough 



KKcea of nuraiDB 



GHiden-eBrlb. 






Nocsid and 



1 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Genus. 



Mammitis of 
Sheep. 

Mktschnikowi. 



morbilli. 
Neapolitanus. 

NOM^. 



Micrococcus. 



Spirillum 
(vibrio). 



Micrococcus. 
Bacillus. 

Bacillus. 



OXYTOCUS PERNI- Baclllus. 
CIOSUS. 



Pertussis. 



Pneumonia (Pneu- 
mococcus of Fried- 
lander). 



|*NEUMONiA (Pneu- 
raococcus of Fran- 
kel ; Micrococcus 
of Pasteur). 



Pnkumonicis 

AOILIS. 

Proteus septicus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 
Bacillus. 



Biology. 



Product. 



Streptococci and in 
fours. 



Motile spirals with An alkaline vac- 
flagella; aerobic. cine which will 

cause immunity. 



Round motile cocci and 
diplococci. I 



Small ininiotile rods, Produces acids in 
with rounded ends- 
no spores : faculta- 
tively anaerobic. 

Small rods, with round- 
ed ends, growing of- 
ten in long threads. 



gelatin cultures. 



Short rods with round 
ends. 



Very thin rods ; motile ; 
spores. 



Short, immotile rods, 
singly or in diplococ- 
ci, surrounded with 
capsule; no spores; 
not colored with 
Gram ; facultatively 
anserobic. 

Short, oval rods, often 
in chains ; immotile ; 
no spores ; in the tis- 
sue surrounded with 
capsule, colored with 
(iram: facultatively 
anaerobic. 

Short, thick motile rods 
in pairs. 

Slightly curved rods, 
swelled in portions, 
sometimes in long 
threads: motile. 



Foul gas. 



OP THB PRINCIPAL BACTERIA. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



rjquefyTng; round centres 
with zone of liquefaction ; 
cone-shaped in test-tube. 

Grows quickly : colonies, 
some like cholera Asiat- 
ica, others like cholera 
nostras; liquefying. 



Not liquefying ; thin pearl- 
like scales in seyeral lay- 
ers; wrinkled and mu- 
cous layers on potato. 

Granular spherical colonies 
in the deep, flat on the 
surface; not liquefying: 
growth rapid; best at 35^ 
C. 

Small yellow granular col- 
onies ; nail-culture in 
test-tube. 

Not liquefying;; thick yel- 
low culture on potato. 



Does not liquefy; grows 
quickly ; a button-like 
colony; in test-tube, as 
if a nail driven in the 
gelatin with head on sur- 
face. 

Does not liquefy; grows 
slowly ; small, well-de- 
fi ned masses; in test-tube, 
little separate globules, 
one above the other. 



Liquefying ; dark granular 
colonies ; thick ^iment 
in test-tube. 

(irowth rapid ; liquefying ; 
colonies have foul odor, 
are small, thick branches, 
but soon all liquid. 



Causes contagious gan- 
grenous mammitis in 
sheep. 

Causes vibrion septi- 
caemia in guinea pigs 
and pigeons. 

Supposed to have an 
intimate connection 
with measles. 

Causes death in some 
animals; not the 
cause of cholera. 

No action on mice or 
rabbits. 



Intravenous injection 
causes death in mice 
and rabbits; turns 
milk acid. 

Said to be constantly 
present in whooping 
cough ; injected into 
trachea of young 
dogs, it produces 
broncho-pneumonia. 

An accompaniment of 
pneumonia, not a 
cause ; animals not 
affected. 



Causes pneumonia in 
man, septicaemia in 
animals; also serous 
inflammations in 
man, as pleurisy, per- 
itonitis, etc. 



Found in the milk 
of diseased sheep. 

Faeces of fowls. 



Urine, blood, and 
catarrhal exuda- 
tions of measles. 

Cholera epidemic 
of Naples, 1884. 



In necrotic tissue 
of noma. 



Sour milk. 



Phlegm of whoop- 
ing cough. 



Pneumonic and 
other sputum, 
and lung tissue. 



Sputum of lung af- 
fections and se- 
rous inflamma- 
tions. 



Pneumonia in rabbits. From rabbits' pneu- 
monia. 



Fatal for mice in one 
to three days. 



From a child dying 
of intestinal gan- 
grene. 



Nocard. 



Gamaleia. 



Keating. 



Emmerich. 



Schimmel- 
busch. 



Wyssokow 
itsch. 



Afanassieff. 



Friedl&nder. 



A. Frankel. 



Schon. 



Babes. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 




Pseudo-pneumo- 
nia. 



Bacillus. 



PsiTTACi (perni- Micrococcus, 
ciosus). 

Pyocyanus. Bacillus. 



Pyocyaneus fi. 



Pyogenes (Strepto- 
coccus erysifiela- 
tis— Fehleisen). 

Pyogenes albus. 



Bacillus. 



Micrococcus. 



Micrococcus. 



Pyogenes aureus Micrococcus, 
(micrococcus of 
osteomyelitis — 
Becker). 



Pyogenes citreus. 



Pyogenes f(etidus. 



Micrococcus. 



Bacillus. 



Pyogenes tenuis. Micrococcus 



Rabies (Hydropbo- Bacillus, 
bia). 



Relapsing Fever 
(Obermeier). 



Spirillum. 



Immotile, Tery short 
rods with capsule. 

Streptococci and zoog- 
loea. 

Thin motile rods; fa- 
cultatively anaerobic. 



Forms a brown -yellow 
pigment ; otherwise 
identical with above. 

Streptococci and zoog- 
loea. 

Staphylococci and 
streptococci ; facul- 
tatively anaerobic. 

Staphylococci and zoog- 
loea; facultatively 
anaerobic. 



Same as Pyogenes au- 
reus. 

Short motile rods in 
pairs. 



Cocci without definite 
arrangement. 

Very thin rods. 



Long, wavy spirals ; 
motile. 



Pyocyanin, a non- 
poisonous pig- 
ment. 



Ptomaine, toxal- 
bumin, and pig- 
ment. 



Ptomaine, which 
gives immunity 
when inoculated, 
and cures. 



OP THE PRINCIPAL BACTERIA. 
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BACTERIA.— Continued. 



I Culture Characters. 



Not liquefying: thick glis- 
tening brownish layer on 
potatoes. 



Liquefying; large, flat col- 
onies with greenish fluo- 
rescence ; on potato, yel- 
low-green skin, deeply 
coloring the pulp. 



Not liquefying; round 
punctiform colonies; slow- 
growing. 

Liquefying; white opaque 
colonies. 

Liquefying; small colonies 
with a yellow-orange pig- 
ment in centre; yeast- 
like smell ; a moist layer 
ou potato. 

Colon ie:i, citron yellow 
color. 

Not liquefying; mucous 
layer ou potato; very 
thick; in test-tube, a 
slight layer on surface, 
and small points along 
the track. 

On surface, transparent; 
thin growth ; grows 
slowly. 

A clouding in bouillon, 
which deposits itself in 
a few weeks. 

Cannot be cultivated. 




Septicsemia in mice ; 
abscess in guinea 
pigs. 

Causes disease in gray 
parrots. 

Fatal for animals; col- 
ors the dressings 
green. 



Suppuration and sep- 
ticsemia in animals. 

Suppuration and ab- 
scess. 

Causes abscesses and 
suppuration in man 
and animals. 



Suppuration. 
Fatal to animals. 



Causes hydrophobia in 
animals. 



Habitat. 



From pus. 



In blood of par- 
rot's disease. 

Pus. 



Pus. 



Pus. 



Pus. 



Pus. 



Pus. 



Pus of abscesses. 



From serum of ven- 
tricles and spinal 
cord. 



Causes fever in man Blood of man dur- 
and animals, and is i ing an attack of 
the cause of relapsing the disease, 
fever. 



Discoverer. 



Passet. 

Wolff. 
Gessard. 



Ernst. 



Rosenbach. 



Rosen bach. 



Rosenbach. 



Passet. 
Passet. 



Rosenbach. 



Gibier, 
Mottet.and 
Protopnoff. 

Obermeler, 
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CHIEF CHARACTERISTICS 



PATHOGENIC, 




Rhinosclerma. 

Salivarus pyog- 
enes. 



Salivarus septi- 
cus. 



Salivarus septi- 
cus. 

Saprooenes No. II. 



Saprogenes No.III. 



SaPROGENES F(BTI- 
DUS. 



Senile Gangrene. 



SEPTICiEMIA AFTER 

Anthrax. 

Septicaemia of 
Mice. 



SEPTICiEMIA OF 

Rabbits (Cuui- 
culicida). 

Septicus acumina- 

TUS. 



Septicus 

EN us. 



AGRIO- 



Bacillus. 
Micrococcus. 

Bacillus. 

Micrococcus. 
Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Micrococcus. 



Bacillus. 



Bacillus. 
Bacillus. 

Bacillus. 



See Pneuinococcus of 

Very small round cocci 
and staphylococci. 

Short, immotile rods, 
encapsulated in pairs, 
sometimes long 

chain ; aerobic. 

Cocci singly and in 
zooglcea; eerobic. 

Short rods ; faculta- 
tively anaerobic. 



Very short rods ; facul- 
tatively anaerobic. 

Immotile rods ; spores. 



Thin rods: immotile; 
singly arid in pairs; 
ends somewhat thick- 
ened ; aerobic ; spores. 

Motile streptococci. 



Smallest bacillus 

known ; immotile. 



See ffcemoirhagic Septi 



Thin, lancet-shaped 
rods ; very slender. 



Very short rods. 



Friedl^nder, with 



Foul gas. 



Foul gas. 



Foul gas. 



ccemta. 



OK THE PRIMCIPAL B 
BACTERI A.— CONTI N DED. 

Culture ChBTnotoi 



-hichltloldenticBl 




""A"'-*li, 


"""ral- 


Kol liquefying; gn. 


HS 


t^t-lube. 


L-!. 


(irowi quickly; on 
hTnline drops 


-S 



quirWr walesce, aim 
roruimuucoidlnyerwlit 

spirlQi! feet! 
ForniBS fluid gray band DD 
igar; odor of putrefM- 

Nolliquefying:thin,tnins- 
parent Uyer ; putrid odor. 

Round yelloir coloniea; 
liquefying In 36 hours; 
bat grow til n 37° C. 

tn bouitlOD ilrulence de- 

Kot llquefjliig ; small floe 

grows very slowly;in the 
lest'tulie producing a 



Aellons. 


HablUt. DlHjoverer. 






FrlMh. 


Local abKSB in Ml- 
Dials. 


Sallfs. 


Biondi. 


FawltoMimsl^ 


S«ll.s of beallhy 
persons. 


Biondl. 


Fatal l»i>iiiiusls. 


Saliva of puerperal 


Bioodi. 




Sweat of feet. 


BoscDbacb. 


Suppuration In rabbit. 


Putrid marrow of 
bone. 


,.«.u.. 


Rabbits killed witb 
Urge doses. 


Mesenteric glands 
e.ysi^ra^an'dof 


Scbotlellus. 


'^'nli^, iSmi?""i^ =i" 


"sSe^a^iid M^ o't 


Trieoml. 


Scpticsmla 11, rahbiU, 
or guinea plga. 


Blood of animal 
dead from an- 


Charrin. 


Septic»ini» in house- 
mice, but not field- 
niice. 


Putrefying liquids 


Koch. 


Palhogenic fur rabbits 

and^bi^mi^'^'w^' 
and organs. 
Sepliueuilaiu mice and 
rabbits. 


Navel stump of 
child dead of 

E»rlh of reoenlly- 
plouglied aeld.. 


Babee. 
Nkolaler. 
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CHIEF CHARACTERISTICS 



Name. 



Sbpticus liqubfa- 

CIENS. 



Septicus ulceris. 



Septicus vesica. 



Smegma. 

Sputigenum. 
subflavus. 



Swine Pijague 
(American and 
French). 



Syoosiferus fcbti- 

DUS. 



Genua. 



Micrococcus. 



Bacillus. 



Bacillus. 



Bacillus. 

Spirillum. 
Micrococcus. 



Bacillus. 



Bacillus. 




Streptococci and diplo- 
cooci. 



Oval rods ; motile. 



Rods always single; 
very motile ; oval 
spores. 



Slender curved rods, 
identical with syph- 
ilis. 

Curved, comma-shaped 
rods; moiile. 

Dipl< cocci like gono- 
cocci ; colored by 
Gram. 



PATHOGENIC 

Product.. 



Gas ; no odor. 



Motile, oval rods, sim- 
ilar to that of hog 
cholera. 



Short, straight immo- 
tile rods, often in 
threads. 



Causes casein pre- 
cipitate in milk 
and acid forma- 
tion. 



On potatoes a foul 
oaor. 



OP THE PRINCIPAL BACTERIA. 
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BACTERIA.—CoNTiNUED. 



Culture Characters. 



Liquefying; a thin gran- 
ular streak, the surface 
sunken in; later, cone- 
like, the walls covered 
with leaf - shaped col- 
onies. 

Liquefying; yellow col- 
onies, taken up with gas 
later on. 

Not liquefying ; small pin- 
head colonies, growing 
slowly: never larger; a 
brown centre, yellow 
periphery. 

Not cultivated. 



Not cultivated. 



Growth slow; liquefying; 
on tenth day yellow 
points with thready 
boundary ; on potato, a 
brown, thread - like 
growth after two weeks. 

Not liquefying; growth 
similar to typhoid germ ; 
on potatoes good growth. 



Slow growth ; not liquefy 
ing ; after four days, lit- 
tle white points, which 



do not change for several 
weeks, then the super- 
ficial ones are mucuus- 
like; nail growth; on 
potatoes, rapid growth. 



Actions. 



Pathogenic for mice 
and rabbits, produ- 
cing oedema, in the 
serum of which the 
cocci abound. 



An ulcer in inoculated 
animals, followed by 
paralysis and death. 

Pathogenic for mice 
and rabbits, produ- 
cing death. 



Supposed to be similar 
to syphilis. 



Causes death in ani- 
mals. 

No result on mucous 
membrane; iniected 
under skin, abscess 
results. 



Found in American and 
French swine plague, 
in frog plague, and 
Texas lever ; animals 
affected locally. 

On human skin causes 
eruption, vesicular 
around hairs, then 
it becomes pustular; 
similar to sycosis. 



Habitat. 



Blood and organs 
of child dying of 
septicaemia. 



In blood of child 
with gangrenous 
ulcer. 

In urine of cys- 
titis. 



Normal preputial 
secretions. 



In caries of teeth 
and saliva. 

Normal secretion 
of vagina and 
urethra. 



Discoverer. 



Babes. 



Babes. 



Clado. 



Found in capil- 
laries in little em- 
boli; not spread 
in organs of dis- 
eased animals. 

From svcosis of the 
beard. 



Alvarez and 
Tavel. 



Lewis. 



Bumm. 



Billings, 
Rietsch, and 
Eberth. 



Tommasoli. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Genus. 



Syphilis. 
Tetanus. 



Tetraobmus. 



tozicatus. 
Trachoma 



Tuberculosis. 



Tuberculosis zo- 

OtiL<BAIC. 



Typhoid. 



Bacillus. 
Bacillus. 



Micrococcus. 



Micrococcus. 



Micrococcus. 



Bacillus. 



Micrococcus. 



Bacillus. 



Typhoid of Swine 
(swine plague). 

Tyrogknum 

(Dencke*s). 



Spirillum 
(vibrio). 




Product. 



Tbin rods, sometimes 
curved. 

Large, slender motile 
rods, with spores in 
one end, drumstick 
sbape, often in 
tbread3 ; true aneero- 
bic. 

Large round cells, uni- 
ted in groups, usual- 
ly of four, and sur- 
rounded by a cap- 
sule ; immotile ; aero- 
bic. 

Cocci singly and in 
pairs. 

Diplococci very small 
and division - line 
faint ; erobic. 



Slender rods, usually 
in pairs ; not motile ; 
spores not definitelv 
determined ; facul- 
tatively anaerobic. 



Cocci in large zoog- 
loeaic masses, evo- 
luted forms of tuber- 
cle bacillus. 

Slender motile rods, 

I sometimes in threads; 

I flaKella, but no spores; 

facultatively aniero- 

I bic. 

See Sttnne Plague. 

I 

I Spiral - shaped rods ; 
I aerobic. 

I 



I 



Ptomaines, teta- 
nine, tetanotox- 
ine, spasmotoz- 
ine; also a tox- 
albumin. 



Kochine orparato- 
line, a glycerin 
extract of the 

Sure culture (tu- 
erculin). 



Typhotoxin and 
toxalbumin. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Not cuHivated. 



Liquefy gelatin slowly ; 
colonies have radiated 
appearance ; a thorny 
growth along the track 
m test-tube. 



Not li<iuefying: liltle por- 
celain-like disks; thick 
slimy layer on potato. 



Along needle-line, white, 
wreath-like arrangement 
of small spheres, turning 
yellow ; best at 37° C. ; not 
liquefying. 

Grows best on blood-serum 
and glycerin agar at 37° 
C, forming little white 
crumbs on the surface; 
under microscope a hairy 
matted coil is seen ; 
growths on potatoes 
when air-tight have been 
obtained. 



Not liquefying ; little whet- 
stone-shaped yellow col- 
onies in the deep, and 
leaf-shaped ones on the 
surface ; on potato, a very 
transparent, moist layer. 



Liquefy rapidly ; small 
round colonies; dark 
funnel-shaped liquefac- 
tion in test-tube. 



Supposed to cause syph- 
ilis. 

Produces tetanus in 
man and animals. . 



Fatal to guinea pigs 
and white nnce. 



Supposed to be the 
cause of Rhus {poxson 
ivy) poisoning. 

Tn rabbits no result, 
but on human cornea 
typical trachoma. 



Causes tuberculosis, lo- 
cal and general, in 
man and lower ani- 
mals. 



Gives rise to enteric 
or typhoid fever in 
man. 



Several animals have 
died from inocula- 
tions. 



In tissue and .secre- 
tions of syphi- 
litics. 

Earth and manure. 



Found in cavern- 
ous phthisical 
lungs. 



Found in the Rhus 
toricodendron. 

Found in follicles 
of Egyptian eye 
disease. 



In all organs and 
secretions of tu- 
bercular persons. 



In caseous nodules 
of tubercular ani- 
mals. 



Found in dejecta 
and spleen and 
urine of typhoid 
patients. 



From old cheese. 



Lustgarten. 



Nicolaier and 
Kitasato. 



GaflFky. 



Burrill. 



Sattler and 
Michel. 



Koch. 



Malassez and 
Vignal. 



Eberth. 



Dencke. 



^ » 



^.Kr • r^ 
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ABBE'S condenser, 26 
Achorion Schbnlelnli, 147 
Actinomyces, 148 
i^robln, 24 
Agar-agar, 51 

bouillon, 51 

glycerine, 52 
Air, examination of, 150 
Alexin, 69 

anthrax, 89 
Anaerobin, 24 
Aniline dyes, 30 

oil, 81 

oil water, 31 
Animals for experiment, 71 
Anthrax, 86 
Anthraxin, 89 
Anti-toxins, 66 

of pneumonia, 118 

of tetanus, 181 
Arnold's sterilizer, 43 
Arthrospores, 22 
Aspergillus fumigatus, 148 

glaucus, 148 
Asperogenic bacteria, 22 
Autoclave of Chamberland, 43 



BACILLUS acidl lactici, 78 
alvei, 112 
amylobacter, 79 
anthracis, S6 
avicidis, 138 
butyric us, 79 
capsule, 120 
coll communis, 108 
ca»ruleus, 81 
comma, 109 
erythrogenus, 80 
erythrosporus, 82 
faeces, 107 
fluorespens, 124 
liquefaciens, 82 



Bacillus, indicus, 75 
Klebs-Loffler, 103 
lactis cyanogenus, 80 
lepra, 99 
malarise, 134 
mallei, 101 
megaterium, 76 
melittoptharus, 142 
mesentericus vulgatus, 75 
Milzbrand, 86 
murisepticus, 141 
mycoides, 76 
Neapolitanus, 107 
oedematus maligni, 131 
of American swine plague, 140 
of anthrax, 86 
of bluish-green pus, 124 
of cattle plague, 140 
of chicken cholera, 138 
of diphtheria, 103 
of French swine plague, 140 
of glanders, 101 
of hog cholera, 140 
of influenza, 120 
of mouse septicaemia, 141 
of ox plague, 140 
of rabbit septicaemia, 140 
of steer plague, 140 
of Swedish-Danish plague, 140 
of swine erysipelas, 141 
of symptomatic anthrax, 137 
of syphilis, 100 
of typhoid fever, 104 
phosphorescens gelidus, 83 

indicus, 82 

indigcnus, 83 
pneumo-, 115 
potato, 75 
prodigiosus, 74 
pyocvaneus, 124 

5, 125 
ramosus, 76 
smegma, 100 
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Bacillus BpinosuB, 78 

subtilis, 77 

tuberculosis, 90 

violaceus, 81 
Bacteria, 17 

antagoDism of, 70 

asporogenic, 22 

as remedial a^nts, 70 

desmo-, 17 

effect on body, 64 

fluorescent, 82 

in air, 150 

in milk, 78 

in water, 81, 153 

infectious, 66 

lifeof, 23- 

micro-, 17 

non-patbogenic, 74, 168 

of hemorrhagic septicaemia, 140 

of pneumonia. 111 

origin of, 23 

pathogenic, 25, 66, 86, 182 

phosphorescent, 82 

similar to cholera, 112 

sphero-, 17 

spiro-, 17 

staining of, 30 

structure of, 18 

tables of, 158 

toxic, ()6 

unstained, 27 

vital actions of, 24 
Bacterldie du charbon, 86 
Bacterium acidi lactici, 79 

seniginosum, 124 

Balticum, 83 

Fischeri, 83 

Pflttgeri, 83 

syncyanum, 80 

termo-, 143 

ureae, 84 

zopfi, 77 
Beggiatoa alba, 84 
Benches for glass plates, 58 
Biedert^s method, 95 
Black-leg, 137 
Blight, 143 
Blood serum as media, 52 

theory, 67 
Bouillon, 51 

gelatine, 49 

preparation of, 46 
Bread mash, 49 
Brood-oven, 52 
Brownian movements, 19 



CATTLE plague, 140 
Cell contents, 18 
Cellular theory, 68 
Cell wall, 18 

Charbon symptomatique, 137 
Charcoal filter, 154 
Chemical theory, 67 
Chemotaxis, 70 
Cholera, 109 

Cladothrix dichotoma, 84 
Classification, 17 
Clostridium, 21 

butyricum, 79 
Cohn's system, 17 
Cotton plugs, 45 
Cover-glass specimens, 34 
Crenothrix, ^ 

Kiihniana, 84 
Cultivation, 40 

artificial, 40 

methods of, 40 

of anaerobins, 62 
Cultures, appearances of, 60 

egg, 65 

filtration of, 64 

glass-plate, 55 

glass-slide, 55 

potato, 47 

rolled, 59 

test-tube, 55 



DE BARY^S system, 18 
Decolorants, 35 
Diphtheria, 103 

Diplococcus albicans amplus, 127 
tardissimus, 127 
lanceolatus, 116 
of pneumonia, 116 
Disinfectants, 41 

heat as, 41 
Drying specimens, 34 



ENDOSPORES, 20 
Enteric fever, 104 
Esmarch^s method, 62 

tubes, 59 
Experiments on animals, 71 



FERMENTATION, 26 
Filters, 154 

hot-water, 50 
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Filters, Pasteur-Cham berland, 64, 
155 

sand, 152 
Filtration of cultures, 64 
Fishing, 61 
Fission-fungi, 17 
Flagella, 19 

staining of, 39 
Fluorescence, 25 
Foul-brood, 142 
FrankePs borer, 157 

method for anserobins, 63 

stain for tubercle bacillus, 93 
Frog plague, 140 
Fuchsin, carbol, 31, 33 
Fungi, 145 . . 
Fungus, Ray, 148 

thrush, 146 

(lABBETT'S stain, 33, 93 
f Gas formation, 25 
Gelatine, 49 
bouillon, 49 
paste, 36 
Gelatinous membrane, 18 
Germination, 21 
Gonococcus, 125 
GonorrhoBa, 125 
Gram's stain, 33 

HiE]ViAM(EBA, 136 
Haematomonas malarisB, 134 
Hsematozoa of malaria, 134 
Hanging drop, 29 
Heat as disinfectant, 41 

dry, 41 

moist, 42 
Hemorrhagic septicaemia, 140 
Herpes tonsurans, 148 
Hesse's method for air, 150 
for an ae robins, 62 
Hog cholera, 140 
Homogeneous lens, 26 
Hot-air oven, 40 
Hot-water filter, 50 
Huppe's method, 63 

IMMERSION lens, 26 
Immunity, 69 
Incubators, 52 
Inoculation of animals, 71 
Iodine, 32 



Iris blender, 27 

Iron box for plates, 57 

KLATSCH preparations, 61 
Kochin, 97. 
Koch's lymph, 97 
rules, 70 
stain, 32 
steam-chest, 42 
Ktth lie's stain, 33 
method, 39 



LAVERAN, semilunar bodies of, 
134 
Leprosy, 99 

Liborius's method for anaprobins,62 
Liquefaction of media, 25 
Locomotion, 18 
Loffler's alkaline stain, 32 

blood serum, 103 

mordant, 33 
Lupus, 98 
Lustgarten's method, 100 



MALARIA, 134 
Malignant oedema, 131 
Material from animals, 73 
Media, nutrient, 46 
solid, 47 
transparent, 49 
MetschnikofT's theory, 68 
Microbe en huit, 138 
Micrococci similar to eronococcus, 

127 
Micrococcus amylivorus, 139 
cerus albus, 124 
flavus, 124 
cholera gallinarum, 138 
citreus conglomeratus, 127 
Indicus, 75 
of gonorrhoea, 125 
of inal de pis, 142 
of osteomyelitis, 121 
of sputum septicasmia, 116 
Pasteuri, 116 
pyogenes albus, 122 
aureus, 122 
citreus, 122 
tenuis, 124 
subflavus, 128 
tetragenus, 119 
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Micrococcus urese, 84 

Micro-organisms of suppuration, 130 

Microscope, 26 

Microsporon fuf fur, 147 

Moist chamber, 47 

Mordants, 31 

Moulds, 147 

examination of, 148 
Mouse septicaemia, 141 
Movements, vibratory, 19 
Mucor mucedo, 147 
Mycoprotein, 18 

NAIL culture, 116 
Nivellier apparatus, 57 
Nutrient media, 46 



ODORS in cultures, 25 
Oldium, 146 

albicans, 146 
lactis, 146 
Oil immersion, 26 
Oxidation, 24 

PARASITES, 23 
Pasteur filter, 155 
Penicillium glaucum, 147 
Petri's sand filters, 152 

saucers, 59, 166 
Phagocytes, 68 
Phosphorescence, 25 
IMgmentation, 25 
Plasmodium malar iae, 134 
Platinum needles, 28 
Pneumo-bacillus, 115 
Potato cubes, 48 

cultures, 47 

inoculation of, 48 

in test-tubes, 48 

mash, 49 
Products of tubercle bacilli, 97 
Proteus, 143 

mirabilis, 143 

vulgaris, 144 

zenkeri, 144 
Ptomaines, 24, 64 
Putrefaction, 25 

RABBIT septicaemia, 140 
Rausch brand, 137 
Reduction, 24 
Relapsing fever, 132 



Reproduction, 19 
Rouget du Pore, 141 

SACCHAROMYCES albicans, 145 
cerevisise, 145 

mycoderma, 146 

niger, 145 

rosaceus, 145 
Saprophytes, 23 
Sarcina alba, 86 

aurantlca, 86 

flava, 86 

lutea, 85 

rosea, 86 

ventriculi, 86 
Schizomycetes, 17 
Schweinerothlauf, 141 
Slides, concave, 29 
Soil, examination of, 156 
Solutions, composite, 81 

formulae of, 32 

stock, 30, 32 

strong, 32 

weak, 31 
Soor, 146 
Spasmotoxin, 131 
Specimens, cover-glass, 84 

cutting of, 36 

drying of, 34 

Elatsch, 61 
Spirillum, 17 

cholerse, 109 

concentricum, 85 

Finkleri, 112 

of relapsing fever, 132 

rubrum, 85 

tyrogenum, 113 
Spirochaete obermaieri, 132 
Spores, arthro-, 18, 22 

contents of, 21 

endo-, 18, 20 

formation of, 18, 20 

requisites for, 22 

resistance of, 22 

staining of, 37, 38 
Sputum, hardened, 96 
Stain, alkaline, 31, 32 

aniline water, 33 

Gabbett's, 33 

Gram's, 33 

Koch's, 32 

Kfihne's, 33 

Loffler's, 32 

picro-carmine, 33 
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stain, Ziehl-Nielsen, 33 
Stainiog, Ernst's method of, 38 
De Giacomi's, 100 
general method of, 34 
Gram's method of, 37 
KUhne's method of, 39, 102 
Loffler's method of, 102 
Lustgarten's method of, 100 
of blood for malaria germs, 

136 
of capsule of bacillus of pneu- 



monia, 116 



of flagella, 39 

of spores, 39 

of sporogenic bodies, 39 

of tissue sections, 36, 38 

rapid method for bacillus tuber- 
culosis, 93 

slow method for bacillus tuber- 
culosis, 95 

solutions, 30 

special methods of, 38 

Weigert's method of, 39 
Staphylococcus, 18 

pyogenes aureus. 
Sterilization, 43 

fractional, 44 
Streptococcus, 18 

pyogenes, 121 
Suppuration, 120 
Swine erysipelas, 141 

plague, 140 

syphilis, 100 
System of Cohn, 17 

of De Bary, 18 
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TEST-TUBES, 45 
Tetanin, 131 
Tetanotoxin, 131 
Tetanus, 128 
Thermo-regulator, 51 
Thrush, 146 
Tinea, 147 

Toxalbumens, 64, 70, 104 
Toxins, 64 

Tricophyton tonsurans, 147 
Tuberculin, 70, 97 
Tuberculocidiu, 98 
Tuberculosis, 90 
Typhoid fever, 104 
Typhotoxin, 107 



VIBRIO, Finkler-Prior, 112 
Metschnikovii, 113 
Vibrion septique, 131 



WATER, bacteria in, 81, 156 
examination of, 153 
Weigert's method of staining, 39 
Wire cages, 45 
Wolfhiigel's apparatus, 156 
Wild plague, 140 



YEASTS, 145 
examination of, 148 



ZIEHL'S solution, 33 
Zoogloea, 18 
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The want of a text-book which could be used by the practitioner 
and at the same time be recommended to the medical student has 
been deeply felt, especially by teachers of surgery. Hence, when 
it was suggested to a number of them that it would be well to unite 
in preparing a book of this description, great unani-mity of opinion 
was found to exist, and the gentlemen before named gladly con- 
sented to join in its production. While there is no distinctive 
American Surgery, yet America has contributed very largely to 
the progress of modern surgery, and among the foremost of those 
who have aided in developing this art and science will be found the 
authors of the present volume. All of them are teachers of surgery 
in leading medical schools and hospitals in the United States and 
Canada. 

Especial prominence has been given to Surgical Bacteriology ; a 
feature which is believed to be unique in a surgical text-book in 
the English language. Asepsis and Antisepsis have received par- 
ticular attention, and full details of the various methods of disin- 
fecting instruments, hands, and the field of operations, sutures, etc., 
will be found. The text is brought well up to date in such import- 
ant branches as cerebral, spinal, intestinal, and pelvic surgery, and 
the most important and newest operations in these departments are 
described and illustrated. 

The text of the entire book has been submitted to all the authors 
for their mutual criticism and revision, also an entirely new and 
original feature in book-making. The book, as a whole, therefore, 
expresses on all the important surgical topics of the day the con- 
sensus of opinion of the eminent surgeons who have joined in its 
preparation. 

One of the most attractive features of the book i» its illustrations. 
Very many of them are original and faithful reproductions of pho- 
tographs taken directly from patients or from specimens, and the 
modern improvements in the art of engraving have enabled the 
publishers to produce illustrations which it is believed are superior 
to those in any similar work. 
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VOLUME I. {Now Reddy) contains : 

Hygiene* 

J. 8. Billings, Professor of Hygiene, University of Pennsylvania. 

Fevers, (Ephemeral, Simple Continaed, Typhas, Typhoid, Epidemic 
Cerebro-spinal Meningitis, and Relapsing.) 

Wm. Pepper, M.D., Provost and Professorof the Theory and Practice 
of Medicine and of Clinical Medicine, University of Pennsylvania, 

Scarlatina, Measles, Rotheln, Tariola, Yarioloid, Yaccinta, Tarleella, 
Mnmps, Whooping-congh, Anthrax, Hydrophobia, Tricliinosis, 
Actinomyeosis, Glanders, and Tetanus. 

James T. Whittaker, M.D., Professor of the Theory and Practice of 
Medicine and of Clinical Medicine, Medical College of Cincinnati, O. 

Tnbercnlosis, Scrofhla, Syphilis, Diphtheria, Erysipelas, Malaria, 

t)holera, and Yeliow Fever. 

W. Oilman Thompson, M D., Professor of Physiology, New Yorls 
University Medical College. 

Nervous, Muscular, and Mental Diseases (Including Opium Habit, etc.). 

Horatio C. Wood, M.D., Professor of Materia Medica, Pharmacy, and 
General Therapeutics, and Clinical Professor of Nervous Diseases, 
University of Pennsylvania. And 

William Osler, M.D., Professor of Practice of Medicine, Johns Hop- 
kins University, Baltimore, Md. 
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VOLUME II. (Beady Shortly) will contain: 

^rine (Chemistry and Microscopy), 

Jakes W. Holland/ M.D., Professor of Medical Chemistry and Toxi^ 
cology, Jefferson Medical College, Philadelphia. 

Kidneys and Lnngs* 

Fbancib Dblafibld, M.D., Professor of Pathology and Practice of 
Medicine, College of Physicians and Surgeons, New York City. 

Air-passa^s (Larynx and Bronchi) and Plenra. 

James C. Wilson, M.D., Professor of Practice of Medicine and of 
Clinical Medicine, Jefferson Medical College, Philadelphia. 

Pliarynx, (Esopliagas, Stomach, and Intestines (Including ^ 

Intestinal Parasites). 

William Pepper, M. D., Provost and Professor of the Theory and Prac- 
ticeof Medicine and of Clinical Medicine, University of Pennsylvania. 

Peritonenm, Lirer, and Pancreas* 

Keginald H. Fitz, M. 1)., Hersey Professor of Physics, Harvard Medi- 
cal School. 

Diathetio INseases (Bhenmatism, Rheumatoid Arthritis, Gout, 

LithsBmia, and Diabetes). 

Henry M. Lyman, M.D., Professor of Principles and Practice of 
Medicine, Rush Medical College, Chicago, 111. 

Heart, Aorta, Arteries, and Yeins. 

E. G. JAnbway, M.D., Professor of Principles and Practice of Medi- 
cine, Bellevue Hospital Medical College, New York City. 

Blood and Spleen. 

William Osler, M.D., Professor of Practice of Medicine, Johns Hop- 
kins University, Baltimore, Md. 

Inflammation, Embolism, Thrombosis, Fever, and Bacteriology. 

W. H. Welch, M.D., Professor of Pathology, Johns Hopkins Uni- 
versity, Baltimore, Md. 



The articles are not written as though addressed to students in lectures, 
but are exhaustive descriptions of diseases with the newest facts as re- 
gards Causation, Symptomatology, Diagnosis, Prognosis, and Treat- 
ment, and will include a large number of approved FormulsB. The re- 
cent advances made in the study of the bacterial origin of various dis- 
eases are fully described, as well as the bearing of the knowledge so 
gained upon prevention and cure. The subjects of Bact«iology as a 
whole and of immunity are fnlly considered in a separate section. 

Methods of diagnosis are given the most minute aud careful attention, 
thus enabling the reader to learn the very latest methods of investigation 
without consulting works specially devoted to the subject. 
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An American Text-book of the Diseases of CliiUlren will be 
issued as a handsome imperial octavo volume of about 1000 
pages, uniform with an American Text-book of Surgery, con- 
taining numerous wood-cuts, half-tone plates, and colored illus- 
trations. The plan contemplates a series of original articles 
written by some sixty well-known paediatrists, representing 
collectively the present teachings of the most prominent med- 
ical schools and colleges of America. The work is not intended 
to be encyclopaedic in character, but to be a practical book 
suitable for constant and handy reference by the practitioner 
and advanced student. 

One decided innovation for a book of its size is the large 
number of authors, nearly every article being contributed by 
a specialist in the line on which he writes. This, while entail- 
ing considerable labor upon the editors, has resulted in the 
publication of a work thoroughly new and abreast of the times. 
The entire work has been practically written in a few months, 
thus removing the usual objection to treatises of this class, 
that they are out of date before they are published. 

Especial attention is given to the consideration Of the latest 
accepted teaching upon the Etiology, Symptoms, Pathologj^, 
Diagnosis, and Treatment of the disorders of children, with 
the introduction of many special formulae and therapeutic 
procedures. 

Special chapters embrace at unusual length the diseases of 
the Eye, Ear, Nose and Throat, and the Skin ; while the intro- 
ductory chapters cover fully the important subjects of Diet, 
Hygiene, Exercise, Bathing, and the Chemistr}'- of Food. 
Tracheotom3% Intubation, Circumcision, and such minor sur- 
gical procedures coming within the province of the medical 
practitioner are carefully considered. 



For Sale by Subscription only. 

Now Ready — Second Revised Edition. 

MEDICAL DIAGNOSIS. 

By dr. OSWALD YIERORDT, 

Professor of Medicine at the University of Heidelberg ; formerly Privat Docent 

at University of Leipzig ; Professor of Medicine and Director 

of the Medical Polyclinic at the Univ. of Jena. 

Translated with additions, from tlie Second Enlarged German Edition, 

urith tiie Author's Permission. 

By FRANCIS H. STUART, A.M., M.D., 

Member of the Medical Society of the County of Kings, N. Y. ; Fellow of the 

New York Academy of Medicine ; Member of the 

British Medical Association, etc. 

In One Handsome Royal Octavo Volume of 700 Pages. 
178 Fine Wood-cuts in Text, Many of Which are in Colors. 

Price, Cloth, $4 net; Sheep, $5 net; Half Russia, $5*50 net. 

This Valuable Work is now Fablished in German, English, Saseian, and Italiani 
FIRST AMERICAN EDITION EXHAUSTED WITHIN SIX MONTHS. 



"One of the most valuable and useful works in medical literature.'* 

(Signed) ALEXANDER J. C. SKENE, M.D., 

Dean of the Long Island College Hospital, and Professor of the 

Medical and Surgical Diseases qf Women. 

" Indispensable to both 'students and practitioners.* " 

(Signed) F. MINOT, M.D., 

Hersey Professor of Theory and Practice cf Medicine, Harvard UhUfersity. 

"It is very well arranged and very complete, and contains valuable features 
not usually found in the ordinary books. " 

(Signed) J. H. MUSSER, M.D., 

Assistant Professor Clinical Medicine, University of Pennsylvania. 

" A most excellent book upon a most important subject.'' 

(Signed) J. S. CAIN, M.D., 

Professor of Practice of Medicine and General Pathology, " 

Nashville Medical College, Nashville, Tenn. 

" One of the most valuable works now before the profession, both for study and 
reference." (Signed) N. S. DAVIS, M.D., 

Professor of Principles and Practice of Medicine and 

Clinical Medicine^ Chicago Medical College. 

"A treasury of practical information which will be found of daily use to every 
busy practitioner who will consult it." 

(Signed) C. A. LINDSLEY, M.D., 
Professor of Theory and Practice of Medicine, Yale Univernty, New Haven, Oann. 
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VoT Sale by Subscription only. 



NOW READY. 

DISEASES OF THE EYE. 

A Hand-Book of Ophthalmic Practice. 

By G. E. de SCHWEINITZ, MD., 

Professor of Diseases of the Eye, Philadelphia Polyclinic; Professor of Clinical 

Ophthalnnology, Jefferson Medical College, Philadelphia; Oi>hthalmic Surgeon 

to Children's Hospital and to the Philadelphia Hospital ; Ophthalmologist 

to the Orthopaedic Hospital and Inflrinary for Nervous Diseases : late 

Lecturer on Medical Ophthalmoscopy, University of Pa., etc. 

Forming a handsome royal 8vo. vol. of more than 660 pages. 

Over 200 fine wood-ctita, many of which are original, and two 

chromo-lithographic platea. 

Price, Cloth, $4 net ; Sheep, $5 net ; Half Bassia, $5.50 net. 



PROFESSIONAL OPINIONS. 

" A work that will meet with the requirements not only of the specialist, but 
of the general practitioner in a rare degree. I am satisfied that an-usual success 
awaits it." (Signed) AVILLIAM PEPPER, M.D., 

Prowst and Professor of Theory and Practice of Medicine and Clinical Medicine 

in the University of Pennsylvania. 

** Contains in concise and reliable form the accepted views of Ophthalmic Sci- 
ence." (Signed) AVILLIAM THOMSON, M.B , 

Professor qf Ophthalmology ^ Jefferson Medical Ooll(rf(\ Philadelphia^ Pa. 

" One of the best hand-books now extant on the subject. " 

(Signed) J. 0. STILLSON, M.D., 

Professor of Eye and Ear, Central College of Physicians and Surgeons, ImiianapoliSf Ind. 

"Vastly superior to any book on the subject with which I am familiar." 

(Signed) FRANCIS HART STUART, M.D., 

Brool'/yn, jV. Y. 

** Contains in the most attractive and easily understood form just the sort of 
knowledge which is necessary to the intelligent practice of general mclicino and 
surgery." (Signed) J. WILLIAM WHITE, M.D., 

Professor of Clinical Surgery in ike University of Pennsylrnnia. 

"A very reliable guide to the study of eye diseases, prcsontinj; the latest facts 
and newest ideas." (Signed) SWAN M. BURNETT, M.D., 

Prqf, dff Ophthalmology and Otoloffy^ Med. Dipartment Univ. Georgetown, Washington^ D. C, 
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For Sale by Subscription only, 

A NEW PEONOMCING 

DICTIONARY OF MEDICINE. 

WITH 

Fhonetio Pronunciation, Accentuation, Etymology, etc. 

By JOHN M. KEATING, M.D., LL.D., 

Fellow of the College of Physicians of Philadelphia ; Vice-President of the American 

Paediatric Society ; Ex-President of the Association of Life Insurance Medical 

Directors; Editor ** Gyclopeedia of the Diseases of Children,'* etc. ; 

AKD 

HENRY HAMILTON, 

Author of "A new Translation of Virgil's iEneid into English Rhyme ;"* 
Co- Author of " Saunders' Medical Lexicon," etc. 

WITH AN APPENDIX 

CONTAINING IMPORTANT TABLES OF BACILLI, MICROCOCCI, LBUCOMAlNES, 

PTOMAiNES; DRUGS AND MATERIALS USED IN ANTISEPTIC SURGERY ; 

POISONS AND THEIR ANTIDOTES; WEIGHTS AND MEASURES ; 

THERMOMETRIC SCALES ; NEW OFFICINAL AND 

UNOFPICINAL DRUGS, ETC. ETC. 

Forming One very Attractive Volume of over 800 pages. 

Price, Cloth, $5 net; Sheep, $6 net ; Half Bussia, $6.50 net. 

With Denison's Patent Index for Beady Reference. 

' ' I am much pleased with Keating's Dictionary, and shall take pleasure in 
recommending it to my classes. " (Signed) HENRY M. LYMAN, M.D., 

Prqfessor oj Principle and Practice of Medicine^ Rush Medical OolUge^ ChicaffO, JIL 

"I am convinced that it will be a very valuable adjunct to my study table, 
convenient in size and sufficiently full for ordinary use. " 

(Signed) C. A. LINBSLEY, M.D., 
Prqfessor of Theory and Practice of Medicine^ Medical Dent. Yale University ^ 

Secretary Connecticut State Board of Health, New Maveti^ Oonnectictet. 

" I will point out to my classes the many good features of this book as com- 
pared with others, which will, I am sure, make it very popular with students.'* 

(Signed) JOHN CRONYN, M.D., LL.D., 
Prqfessor of Principles and Practice of Medicine and Clinical Medicine; 

President of the Faculty , Medical Dept. Niagara University ^ Buffalo^ N. T. 

" My examination and use of it have given me a very favorable opinion of its 
merit, and it will give me pleasure to recommend its use to my class." 

(Signed) J. W. H. LOVEJOY, M.D., 
* Prqfessor qf Tfieory and Practice of Medicine, and President of the Faculty. 

Medical Dept. Georgetown UniversUy, Washingtonf D, G 
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Second Edition, for Sale by Subscription. 

r 

AUTOBIOGRAPHY 



OF 



SAMUEL D. GROSS, M.D., 

D. C. L. OXON., LL.D. CANTAB., EDIN., JEFFEBSON COLLEGE, UNIV. PA., 
EMERITUS PROFESSOR OF SURGERY IN THE JEFFERSON MEDICAL 

COLLEGE OF PHILADELPHIA. 

WITH REMINISCENCES OF 

HIS TIMES AND CONTEMPORARIES. 

Edited by his Sons, Samuel W, Gross, M.D., LL.D., late Pro- 
fessor of Principles of Surgery and of Clinical Surgery in the 
Jefferson Medical College, and A. Haller Gross, A.M., 

of the Philadelphia Bar. 

Preceded by a Memoir of Dr. Gross by the late Austin Flint, M.D., LLD. 

In two handsome vols., each containiDg* over 400 pages, 
demy 8to., ex. cloth, gt. tops, with fine Frontispiece 

engraved on steel. 

Price . . . $5.00 net. 

This Autobiography, which was continued by the late eminent 
Surgeon until within three months before his death, contains a 
full and accurate history of his early struggles, trials, and subse- 

9 

quent successes, told in a singularly interesting and charming man- 
ner, and embraces short and graphic pen portraits of many of the 
most distinguished men — surgeons, physicians, divines, lawyers, 
statesmen, scientists, etc. etc. — with whom he was brought in con- 
tact in this country and in Europe ; the whole forming a retrospect 

of more than three-quarters of a century. 
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Pocket Medical Formulary 



BY 



WILLIAM M. POWELL, M.D., 

Attending Physician to the Mercer House for Invalid Women, at Atlantic City. 

CONTAININQ 

1750 Formulao, selected from several hundreds of the best known 

authorities. 

Forming a handsome and convenient Pocket Companion of nearly 300 
printed pages, and blank leaves for additions. 

WITH AN APPENDIX 

Containing Posological Table : PormulSB and Doses for Hypo- 
dermic Medication; Poisons and their Antidotes; Diam* 
eters of the Female Pelvis and Foetal Head; Obstet- 
rical Table; Diet List for various diseases ; 
Materials and Drags used in Antiseptic Surgery; Treatment 
of Asphyxia from Drowning; Surgical Remembrancer; 
Tables of Incompatibles; Eruptive Fevers; Weights 

and Measures, etc. 

Second Edition, Bevised and greatly Enlarged. 

Handsomely bound in Morocco, with Patent Index, Wallet, and Flap. 

Friccy $1.75 net. 

Therapeutic Gazette, January, 1892.— "The prescriptions have been taken 
from the writings or practice of Physicians T^hose experience qualifies them to be 
worthy of trial. We heartily recommend this volume to all who desire to purchase 
such a work." 

New York Medical Record, February 27, 1892.— '• This little book, that can 
be conveniently carried in the pocket, contains an immense amount of material. 
It is very useful, and, as the name of the author of each prescription is given, is 
unusually reliable." 
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SAUNDERS' 



SERIES OF MANUALS 



FOR 



Students and Practitioners. 



The aim of the Publisher is to furnish, in this 
Series of Manuals, a number of high-class works 
by prominent teachers who are connected with the 
principal Colleges and Universities of this country ; 
the position and experience of each behig a guar- 
antee of the soundness and standard of text of the 
subject on which he writes. 

Especial care has been exercised in the choice of 
large, clear, readable type ; a high grade of slightly 
toned paper, of a shade particularly adapted for 
reading by artificial light; high class illustrations, 
printed in colors when necessary to a clear elucida- 
tion of the text; and strong, attractive, and uniform 
bindings. 

The prices vary greatly ($1.00 to $2.50), it not 
being considered desirable to fix an arbitrary stand- 
ard and pad the volumes accordingly. 
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Now Ready—Fourth Edition. 

■ CONTAINING 
"HIWTS Olsr DISSECTIOIT." 

Essentials of Anatomy and Manual of Practical 
Dissection. 

By CHAELES B. NANCBEDE, M.D., 

f rofessot of Surgery and ClJuical Surgery In tlie U 
Arljor; Ouri'espimcliiig MBiiiber or trie Royal 
Bouie, Italy; late Sureeon Jefferson Medii 



U College, etc, etc. 
HithHaBdi»m#FDl1.pigeUthognphic Plates In Colon. VieriOO lllutrattoni. 

No pains oi 

Kt concise Si 
tbls country or Europe. 
The colored plates ire designed to aid Clieatudeiit to dissecting Uie muscles, 
arteries, veins, nnd nerves. For this edition tUe woodcuts hive all been speci- 
ally drawn and enj^raved and an Appendix added cantalnluK 60 Illustrations 




Price, Extra Cloth or Oifoloth for the DiisBction-Room, (2.00 Net. 
Medical Sheep 2.50 " 



JUST PUBLISHED. 



A MANUAL 



OF THE 



PRACTICE or lEDICIM 



BY 

A. A. STEVENS, A.M., M.D., 

Instructor of Physical Diagnosis in the University of Pennsylvania, and 
Demonstrator of Pathology in the Woman's Medical College 

of Philadelphia. 

Post 8vo., 502 pages. Illustrated. 

Price, Cloth $2.50 

W. B. SAUNDERS, Publisher, 

PHILADELPHIA, PA. 



Contributions to the science of medicine have poured in 
so rapidly during the last quarter of a century, that it is well 
nigh impossible for the student, with the limited time at his 
disposal, to master elaborate treatises, or to cull from them 
that knowledge which is absolutely essential. From an ex- 
tended experience in teaching, the author has been enabled 
by classification, the grouping of allied symptoms, and the 

judicious elimination of theories and redundant explanations, 
to bring within a comparatively small compass a complete 

outline of the Practice of Medicine. 
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Nnw Ready, 



A MANUAL 



OP 



MEDICAL JURISPRUDENCE 



AND 



TOXIGOLOaY. 



BY 

HENRY CHAPMAN, M.D., 

Professor of Institates of Medicine and Medical Jurisprudence in the Jeffergoa 
Medical College of Philadelphia ; Member of the College of Physicians 
of Philadelphia, of the Academy of Natural Sciencefl of Phila- 
delphia, of the American Philosophical Society, and of 
the Zoological Society of Philadelphia. 

232 pages. Post-octavo. 
WITH THIRTY-SIX ILLUSTRATIONS, 

Some of which are in Colors, 



Price, $1.25 Net. 



For many years there has been a demand from members of the 
medical and legal professions for a medium-sized work on this most 
important branch of medicine. The necessarily prescribed limits 
of the work permit only the consideration of those parts of this 
extensive subject which the experience of the author as coroner's 
physician of the city of Philadelphia for a period of six years leads 
him to regard as the most material for practical purples. 
'^ Particular attention is drawn to the illustrations, many being 
proiAUoed in colors, thus conveying to the layman a far clearer idea 
of the more intricate cases. 
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The following lannals now preparing will be hsned Skwtly. 



Nursing: Its Principles and Practice 

FOR HOSPITAL AND PRIVATE USE. 

By ISABEL ADAMS HAMPTON, 

Graduate of the New York Training Sciiool for Nurses attached to Belie vue 

Hospital: Superintendent of Nurses and Principal of tlie Training School 

for Nurees, Johns Hopkins Hospital, Baltimore, Md. ; Late 

Superintendent of Nurses, Illinois Training Scliool 

for Nurses, Chicago. Illinois. 

Price, $2.00 net. 

This book will outline a definite, sjstematic course of teaching for 
pupil-nurses with a thoroughness that nothing previously published on 
the subject has attempted ; and the need for such a work is greatly felt 
by young superintendents when taking upon themselves the responsi- 
bility of training-school work. 

Thoroughly tested and most approved processes are given in all the 
details of practical nursing, particularly in antiseptic surgery, and the 
minutest details regarding the nurse's technique have been explained. 

The methods used in Johns Hopkins Hospital have in all cases been 
noted as the authority. 



A SYLLABUS OF LECTURES 



ON THE 



PRACTICE OP SUEGERY. 

ARRANGED IN CONFORMITY WITH 

THE AMERICAN TEXT-BOOK OF SURGERY. 

By NICHOLAS SENN, M.D., Ph.D., 

Professor of Surgery in Rush Medical College, Cliicago, and in the Cliicago Polyclinic. 



^ IMi^NXJ^L OF 

Materia Medica and Therapeutics. 

By a. a. STEVENS, A.M., M.D., 

Instructor of Physical Diagnosis in the Univorsiry of Pennsylvania and Demon- 
strator of Patholoi^y in the Woman's Medical College of Philadelphia. 

A MANUAL OF SVRGERY-General and Operative. 

By JOHN CHALMERS DA COSTA, M.D. 
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NOVr R-EADY. 



Notes on the Newer Remedies 



THBIR 



THERAPEUTIC APHIOATIONS 
AND MODES OF ADMINISTBATION. 



BY 



DAVID CEENA, M.D., Ph.D., 

Demonstrator of and Lecturer on Experimental Therapeutics in the 

University of Pennsylvania. 



FORMING A SMALL OCTAVO VOLUME OF ABOUT 175 

PAGES (7 X 5) INCHES. 

The work will take up in alphabetical order all the Newer Reme- 
dies, giving their physical properties, solubility, therapeutic ap- 
plications, administration, and chemical formula. 

It will, in this way, form a very valuable addition to the various 
works on Therapeutics now in existence. 

Chemists are so multiplying compounds that if each compound 
is to be thoroughly studied, investigations must be carried far 
enough to determine the practical importance of the new agents. 

Brevity and conciseness compel the omission of all biographical 

references. 
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IN PREPARATION. 



DISEASES OF WOMEN. 

By henry J. GARRIGUES, A.M., M.D., 

Professor of Obstetrics in the New York Poat-Graduate Medical School and 
Hospital ; Gynaecologist to St. Mark's Hospital in New York City ; Gynae- 
cologist to the German Dispensary in the City of New York ; Con- 
sulting Obstetrician to the New York Infant Asylum; Obstetric 
Surgeon to the New York Maternity Hospital ; Fellow of 
the American Gynaecological Society ; Fellow of the 
New York Academy of Medicine ; President of the 
German Medical Society of the City of New 
York, etc. etc. 

It is the intention of the writer to provide a practical work on 
GynaBcology, for the use of students and practitioners, in as concise a 
manner as is compatible with clearness. . 



Syllabus of Obstetrical Lectures 

In the Medical Department, University of Pennsylvania. 

By RICHARD C. NORRIS, A.M., M.D., 

Demonstrator on Obstetrics in the University op Pennsylvania. 
Second Edition thoroughly revised and enlarged. 

Price, Oloth, Interleaved for Notes . . . $2.00 Net. 

The New York Medical Record of April 19, 1890, referring to this 
book, says : " This modest little work is so far superior to others on 
the same subject that we take pleasure in calling attention briefly to 
its excellent features. Small as it is, it covers the subject thoroughly, 
and wiU prove invaluable to both the student and the practitioner as 
a means of fixing in a clear and concise form the knowledge derived 
from a perusal of the larger text-books. The author deserves great 
-redit for the manner in which he has performed his work. He has 
introditced a number of valuable hints which would only occur to one 
who was himself an experienced teacher of obstetrics. The subject- 
matter is clear, forcible, and modern. We are especially pleased with 
the portion devoted to the practical duties of the accoucheur, care of 
the child, etc. The paragraphs on antiseptics are admirable ; there 
is no doubtful tone in the directions given. No details are regarded 
as unimportant ; no minor matters omitted. We venture to say that 
even the old practitioner will find useful hints in this direction which 
he cannot afford to depise." 
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POCKET MEDICAL LEXICON ; 

OR, 

Dictionary of Terms and Words used in Medicine and Surgery. 
By JOHN M. KEATING, M. D., 

Editor of ''Cyclopaedia of Diseases of Children, " etc.; Author of the 
•• New rronouncing Dictionary of Medicine," 

AND 

HENRY HAMILTON, 

Author ot "A New Tmn^hition of Virgil's /Eawiil into ICns^lish Verse;" 
jUo-author of a "New Fronounciag Dictionary of Medicine." 



Price, 75 Cents, Cloth. $i.oo, Leather Tucks. 



90 




This new and coraprehensive 
work of reference is the outcome 
of a demand for a more modern 
handbook of its class than those 
at present on the market, which, 
dating as tliey do from 1855 to 
1884, are of but trifling use to 
the student by their not con- 
taining the hundreds of new 
words now used in current lit- 
erature, especially those relat- 
ing to Electricity and Bacteri- 
ology. 



eo — 



fO — 



f^*^ffr^ 



^ water 
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^69 »_/tf 
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Annals of Hynceeology, 
Philadelph ia% 



.J5?* — ^ 



— /^ — tf- 



o 



^■v 



Saunders* Pocket Medical Lexi- 
con — a very complete little work, 
invaluable to every student of 
medicine. It not only contains a 
very large number of words, but 
.; — Hf- also tables of etymological factors 
common in medical terminology ; 
abbreviations used in medicine, 



(From Appendix to Medical Lexicon.) poisons and antidotes, etc, 
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QUESTION COMPENDS. 

Now the Standard Aathorities in Medical Literature 

WITH 

Students and Practitioners in every City of the United States 

and Canada. 



THE BE ASON WHY ! 

They are the advance guard of " Student's Helps " — that 
DO HELP ; they are the leaders in their special line, well and 
authoritatively written by able men, who, as teachers in the 
large colleges, know exactly what is wanted by a student 
preparing for his examinations. The judgment exercised 
in the selection of authors is fully demonstrated by their 
professional elevation. Chosen from the ranks op Demon- 
strators, Quiz-masters, and Assistants, most of them have 
BECOME Professors and Lecturers in their respective 
Colleges. 

Each book is of convenient size (5 by 7 inches), containing 
on an average 250 pages, profusely illustrated and elegantly 
printed in clear, readable type, on fine paper. 

The entire series, numbering twenty- three subjects, has 
been kept thoroughly revised and enlarged when necessary, 
many of them being in their third and fourth editions. 

TO SUM UP. 

Although there are numerous other Quizzes, Manuals, 
Aids, etc., in the market, none of them approach the *^ Blue 
Series of Question Compends," and the claim is made for 
the following points of excellence : — 

1. Professional , standing and reputation of authors. 

2. Conciseness, clearness, and standard of text. 

2. Size of type, quality of paper And binding. 
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No. 1. 



ESSMTIALS OF PHTSIOLO&Y. 



H. A. HARE, M.D., 

?ro!eBsor ot Therapeiitlca ami Miterlca, Medlca In the Jefferson Medical r 

. lege of Philadelphia; Phislclan to St. Agnt^' Hospital and to the 

Iledkal Dispensary of I he Children's Hospital; Laureate of 

the Royal Academy ol Medicine lu Belgium, or the 

Medical Society o( LondoD, etc. : Secretary 

ol the Convention for llie Revision ot 

the Pbarmacopceia. 1890. 



Grown 8to., 230 pages, unmeroas illustratloiiB. 

Third Edition, reTlsed and enlarged bj the addlUon of a seriea of 
handsome plate IlInstratlonB taken from tbe celebrated 

*(Icanes Nervorum Capitis" of Arnold. 
Price, Cloth, $1.00 net. Interleaved for notes, $1.29 net. 

Universili/ Medical Magasint, 
" Dr. Hare has 
admirably aacceeded in gather- 
ing tiigether a aeries of Qaes- 
tions which are clearljpnt and 
tersely answered," 

Hicific Medical Journal, 

" Hare's Physiology 
oontalna the essences of its sab- 
JBot. No better book haa ever 
been produced, and every stu- 
dent would do well to possess a 
copy." 

Times and Register, Philadel- 
phia, "In lb.' 
Becoud edition of Hare's Physi- 
ology all the more difficult points 
of tbe study of the nerrous aya- 
tem have ijeen elucidated. Aa 
the work now appears it cannot 
fail to merit the appreciation of 
the overworked student." 




ESSENTIALS OF SURGERY. 



Venereal Diseases, Surgical Landmnrks, Minor and Operative Sur- 
gery, and a Complete Description, together with full Illustra- 
tions, of the Handkerchief and Roller Bandage. 

By EDWARD MAETIN, A.M., M.D., 

Clinleal Professor ol Genito-Urlnary Diseases, IiistrucMir in Opf J-all»e Siir- 

gery, and Lecturer on Minor Surgery, Univeisity ol Penuaylviiila i 

Surgeon to tbe Howard Hospital ; Assistant SlU'geon tu tbe 

University Hospital, etc. etc 



■ Fonrth edition. Orown 8to., 384 pagea, piofiiGely illuBtrated. 

CoDSlderablf enlarged by an Appendls coDtalnlng fall directions 

and presoriptions (br the-preparatlon of the Tatiens mato- 

rlaU used In ANTISEPTIC SGRQERT ; also ser- 

. eral hundred recipes coTerlug the medical 

treatment of surgical affections. 

Price, Cloth, Si.oo, Interleaved for Notes, Si.aj. 

Medical and Surgical Reporter, 
" Martin's Sar- 



tiata of modem enrgerj in a eom- 
psrativaly small epaco. Its stylo 
is interesting and ita illustrations 

Univeriity Medical Mngaiint, 

"Dr. Mirtinhaa 

admirably sueceeded in selecting 

and retaining just what is nocos- 

fary for purposes of examination, 



tting il 



ceNen 



referenoe and memor- 
ising." 

Kanial City HedUal Record.^ 
"Martin's Surgery. —This admir- 
able oompend is well np In the 
meat adTsneed ideas of modern 
lurgery." 




Specimen ol Illustrations. 



J 



ESSENTIALS OF ANATOMY, 

Including the Anatomy of the Viscera. 

By CHARLES B. NANCE.EDE, M.D., 

ProfeBsor of Surgery and Clinital Surgary la the University o[ MiohigBn, 

Aqd Arbor ; Corresponding Member of the Royal Academy of 

Medicine, Rome, Italy ; Late Surgeon Jefferson 

Medical College, ete. etc. 

Fonrth edition. Crown Sto.j 880 pa^es, 180 iUtutratious. 

Enlarged by an Appendix oonlaining over Sixty IllustraUont of 

the Osteology of the Hjman Body. 

The 'whole baaed upon the laat (eleyenth) edition of 

GHAT'S AKAIOMY. 

Price, Cloth, $1.00. Interleaved for Notes, $1.2S. 

Americai Practitioner and 

News. 
■ "Nancrede'a Anatomy. — 
For aelf-quiizing and keep- 
ing fresh in mind the 
knowledge of Anatomy 
gains at school, it woald 
not be easy to sp«ak of it 
in terms too favorable." 




tiaalhern Caii/orr, 



I Pradi- 



SpecimeD of HIustratioDs. 



" Nancrede's Anatomy. — 

AtiiericaB AoMiricmer and 
Ne»-s, Loaisville, Kealaclcg. 

" Nancrede 'a Anatomy. — 
Truly such a book as no 
student can aOijrd to be 
without." 



No. 4. 

Essentials of Medical Chemistry 

ORGANIC AND INOBOANia 

CONTAINING, ALHi>, 

Questions on Medical Physios, Chemical Phytlolo^yf 
Analytical Prooeaaet, Urinalysit, and Toxicology* 

BT 

LAWRENCE WOLFF, M I; , 

Demonstrator of Chemistry, JeflferaoD yih^ium) ***.'."/ ^ \ ,. ♦ t.^ i'»./ t* -hh 

to German Hospital of Phila4«l|/hia : iA* u.*^*t >A \'\. >*/)' .\,i..i4 

College t^ VhnrutH/'y , * •/' * ♦> 

THIRD AND REVISED EDITIO;*', W/TH A\i h\'\'\'.l<\i\%. 

Crown SvOm 212 paQ^* 

Price, Clotb. ^XXiO. IatorU«v«4 ^/r M'^An, fl ^0. 



CineinnaH Medical Newt, *' V- '- " '' * •.' " -• » y - A J,m)i, 

work that can be cArriad in th«j f//*;*"*, f'/f r* ^''J/ #• f' /- /," w, ///. » .»./ 'Jjff.'.olt 
problems.*' 

filf. Joteph^s Medifot IT^aU, '' \ft V.'o;«» < yj/UJo* wy^t 

Bimplj the knotty and <J!ffi*r»i)t yt.u** .u * »♦« *>>.'' ty, t^wi *h^. SinfM tp th«ff«;f«/re 
well suited for uf« in n.*i^y:*^\ k/iv/J/ ' 



Medical and f^unnrol liirfP/r^r " WV /'/yjld wi»h that 

more book.* like thi" w',«j:i J>«i ^*'\*^'U, tu orl'.r *'.Hi. wm- 1 *"a\ >tJ'l«fnt- m'-^hi 
thus early beef>ine fn'/r«r \uy*'ri>K*D'i \u ^h'aX i' oU* u n 'Ji**.c'j;t aryl uri':nt*rre-t- 
ing branch of mM'i*:it\ *x-Ay*' 

Retrittered Pharmacia. f>,i"H'/u " Wolff '« Cbcmlnrr." 

—** Tbc aatV^r i* th',r*u'/h'.Y i»fh..»r with hii- I'a^ijwt". A «j«efal addition to 
the medical and lAtMruuui*: ui>»l lif/rarr/' 
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Mo. 6. . 

ESSEITIAIS OF OBSTETEICS. 

By W. easterly ASHTON, M.D., 

Processor of GyniecoluKy i" tlie Medlco-CliirurKlcfll College ol Plilliulelpliia ; 
UtistBtrlclaototlie Ftiil;iilelvbla Hos|iltal. 

Third Edition, thoroughly revised and Enlarged 

Cronn 8t«.) 214 ptifreS) 7& lUnstratlQiis. 

Piloe, Cloth, 91-00. Kiterleaved for Notea, 91.2S. 




Specimen ot IlluiUatlDiis. 

Soalhem Praelitxoaf, ' Ashton'e Obrtetrlce.— An eioellen 

little Tolnme aontainins uormct and practiml knowledge. An admirable coin 
pend, and the Iwat eonilensation we lisve seen." 

Chicago Medical Timta — ■■ Asbton'a Obstetrics. —Of eitreme vslne to ptii 
denta, and an excellent little book to freshen up the memory of the practi 



New York Hediral Abiiraci. "Ashton's' Obntetrics si 

consulted by the medical student until he can answer everyquaalion 
The practitioner would also do well to glance at the book nun and 
prevent his knowledge from getting rusty." 



No. 6. 

ESSENTIALS 
Patholo^ and Morbid Anatomy. 



C. E. ABHMD SBHPLE, B.i^ K.B., Csntab, I.KL, M.B.C.P., LoDd, 

FbjBiciaa to tbe Northautern Hoapiul for Cbildrea, HKrkDej ; Pro- 

f«8Bor of Vooal and Aural PbjBiolog; and Eiaminerin Aootu- 

tioB M Irinit; College, Londoa, eU>. eCo. 



Crown 8vo., illustrated, 174 pages. 



fHce, doth, $1.00. Interleaved fw Notes, $1.23. 

From the CoUege sTid Clinieal Rtcord, 
A Email work upon 
Pathologj and Morbd Anatomj that re 
dacee each comptux eubjeots to the ready 
compreheanon of I he etudes t and practi 
tioaer i" a lerjr aeoeptable addit au to 
medical 1 teratuie All the more modem 
top es saoh as Banter a and Bac Hi and 
the most recent v ew" u to I nnary Path ^ — f^^/-. 

ology find a place here and in the hand' ~~ J ^ .v 
of a writer and teacher ek lied n the art 
of simpl fjing ahiitru^e anl d Sicult Bub- 
jecls for ea«7 comprehenB on are rendered 
thoroogbly intell g ble Few phj o an" 
do more than refer t the more elabornte 
works for paasiDg information at the time Specimen of Illustrations, 
it is absrdntel; needed, but a book like tbis 

of Dr. Semple's can be taken up and perused continuonstj to tbe profit and 
InMmetion of tbe reader," , 

Miana mdical J«,.r,ml. "Semple's Pathology and 

Morbid Anatomj.— An eioellent eompend of the subject from the points of 
view of Green and Payne." 

Cincixnaii Hbdical Neiei. Semple's Pathology and Mor. 

Wd AnalomT.— A Taluablo little volume— tmlj a miiijim inpanxi-" 
21 




Nu. 7. 

ESSENTIALS 



OF 



Materia Medica, Therapeutics, 



AND 



PRESCRIPTION WRITING. 

BY 

HENRY MORRIS^ M.D., 

Late Demonstrator, Jefferson Medical College ; Fellow College of Physicians, 

Philadelphia; Co-editor Biddle's Materia Medica; Visiting 

Physician to St. Joseph's Hospital, etc. etc. 



Second Edition. Crown 8vo., 260 pages. 



rrice, Cloth, $1.00. Interleaved for Notes, $1.25. 



Medical and Surgical Reporter, 

" Morris* Materia Medica and Therapeutics. — One of the best compenda in 
this series. Concise, pithy, and clear, well-suited to the purpose for which it 
is prepared." 

Gaillard's Medical Journal, 

"Morris* Materia Medica. — The very essence of Materia Medica and Thera- 
peutics boiled down and presented in a clear and readable style.' 



n 



Sanitarium, New York, 
"Morris' Materia Medica.— A well-arranged quiz-book, comprising tl.-i 
most important recent remedies." 

' BurFALO Medical and Surgical Journal. 

"Morris' Materia Medica. — The subjects are treated in such a unique and 
attractive manner that they cannot fail to impress the mind and instruct in 
a lasting manner." 
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Nos. 8 and 9. 

Essentials of Practice of Medicine. 

By HEXBY morris, M.D., 

Author of " Essentials of Materta Medica,'' etc 

With an Appendix on the Clinical and Microscopical 

Examination of Urine. 

By LAWRENCE WOLFF, M.D., 

Author of ** Essentials of 3ledical Chemistry/* etc 



COLORED (VOGEL) URINE SCALE AND NUMEROUS 

FINE ILLUSTRATIONS. 



SECOND EDITION, 

Enlarged by some THREE HUNDRED Essential 

Formulae, selected from the ^vritings of the 

most eminent authorities of the 

Medical Profession. 

COLLECTED AXD ARRANGED BT 

WILLIAM M. POWELL, M.D., 

Author of " Essentials of Diseases of Children.'* 

Post 8vo., 460 pages. 
Price, Cloth, $3.00. Jnedlcal Sheep, $3.90. 

Southern Pbactitioser, Nashville, Tenn., 
"Morris' Practice of Medicine.— Of material aid to the advanced student 
in preparing for his degree, and to the young practitioner in diagnosinjc affec- 
tions or selecting the proper remedy." 

American Practitioner and News, Louisville, Ky., 
'^' Morris' Practice of Medicine.— The teaching is sound, the presentation 
graphic, matter as full as might be desired, and the style attractive." 

Southern Medical Record, 
" Morris* -Practice of Medicine is presented to the reader in the form of 
Questions and Answers, thereby calling attention to the most important load- 
ing facts, which is not only desirable, but indispensable to an acquaintance 
with the essentials of medicine. The book is all it pretends to be, and we 
cheerfully recommend it to medical students." 
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ESSENTIALS OF aiN^COLOGY. 



EDWIN B. CRAIGIN, M.D., 

AttendiDg Qynwwlogist, RooaeFelt Hospital, Out-Patienla' Departmont ; 
A»ai8lanl Surgeon, New York Caneer Hospital, etc. etc. 

BECOITD EDITION. 
Cromi 8to., 186 pa^es, £8 fine UliBtrations. 



Price, Cloth, «1.00. Interleaved for Notes. $1.25. 




Medical and Surgical fi»- 
por(«r, ApHl.ieSO.— "Craig- 
gia's EssentUls of Gjusecol- 
ogy, — Tbisjs s. luoEt excel- 
lent addition to tliis aeriea 
of question oompendB, and 
properly used will be of 
great assistance to the stu- 
dent in preparing for ex- 
amination. Dr. Craigiu fs 
U> be congratulated upon 
having prodQced in oom- 
,117; pB<^t form the Essentials of 
Qynffioology. The style is 
concise, and at the sam« 
the aentences are well 
rounded. This renders the 
book far more easy to read 
than moat compends, and 
adds distinctly to its Talne." 

College and Clinical Iteord, 
April, 1890. — '■ Craigin'a 
Gynfecology-— Students and 
practitioners, generalorspe- 
cial, even derive inforraation 
and henejlt from the perusal 
and stndy of a carefully 
writteu work like this," 



No. U. 



Essentials of Diseases of the Skin. 

By henry W. STELWAGON, M.D., 



inalulOKist tu PlitliKlelplila H 



SECOND EDITION. 
Cronn Sto., 262 pages, 74 lUns. many of which ai 



Price. Cloth, $1.00. Interreaved for Notes, (1.26. 




tol(.|[y. Tha little bonk now boforo ua i? wel 


11 entitled "Esfontial! of Darn.!!- 


toloRy," nod arfmiraiily anSHsra the purj™ 


> for which it is written," The 


e»periencfl of tha reviewer hni' taught him 


that just such a book is needed. 


We are pleaJed with the haQ.lsome n;,|«;ar 


ance of the book, with iu clear 


type, good paper, and fine wood-euta. " 





No. 12. 

ESSENTIALS 



OP 



Minor Surgery, Bandaging, and 
Yenereal Diseases. 

By EDWARD MARTIN, A.M., M.D., 

Author of "Essentials of Surgery,"' etc. 

Crown 8yo«, 158 pages, 82 illustrations, mostly specially pre- 
pared for this work* 

Price, Cloth, $1.00. Interleaved for Notes, $1.25. 



Medical News, Phila- 
delphia, 1891. 
* 'Martin's Minor Surgery, 
Bandaging, and Venereal 
Diseases. — The best con- 
densation of the subjects 
of which it treats yet placed 
before the profession. The 
chapteronGenito-Urinary 
Diseases, though short, is 
sufficiently complete to 
make them thoroughly 
acquainted with the most 
advanced views on the 
subject." 

Nashville Journal of 
Medici ?i€ a lul Su rgery^ 

''Martin's 
Minor Surgery, etc., should 
be in the hands of every 
student, and we shall per- 
sonally recommend it toour 
students as the best text- 
book upon the subject." 
Pharmareutical Era, Detroit, Michigan, " Martin's 

Minor Surgery, etc. — Especially acceptable to the general practitioner, who 
is often at a loss in cases of emergency as to the proper method of applying a 
bandage to an injured member." 
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Specimen of Illustrations. 



No. 13. 

ESSENTIALS 

OF 



Legal Medicine, Toxicology, 



AND 



BY 

C. E. ARMAND SEMPLE, M.D., 

Author of ** Essentials of Pathology and Morbid Anatomy." 



Crown 8yo., 212 pages, 130 illustrations. 



PrieCf Cloth $1.00. 

Interleaved far Notes • • • • 1.25. 



Southern Practitioner, Nashville, 

*^Semple's Legal Medicine, etc. — At the present time, when the 
field of medical science, by reason of rapid progress, becomes so vast, 
a book which, contains the essentials of any branch or department of 
it, in concise, yet readable form, must of necessity be of value. This 
little brochure, as its title indicates, covers a portion of medical science 
that is to a great extent too mach neglected by the student, by reason 
of the vastness of the entire field and the voluminous amount of matter 
pertaining to what he deems more important departments. The lead- 
ing points, the essentials, are here summed up systematically and 
clearly." 

Medical Brief, St. Louis, 

'* Semple's Legal Medicine, Toxicology, and Hygiene.— A fair sample 
of Saunders' valuable compends for the student and practitioner. It 
is handsomely printed and illustrated, and concise and clear in its 
teachings.*' 






No. 14. 

ESSENTIALS OF 

Refraction and Diseases of the Eye. 

By EDWARD JACKSON", A.M., M.D., 

Professor of Diseases ol tlie Eye in tlic Philadelphia Polyclinic and College toi 
Graduales In Medicine : Member ot (he American Oplitbalmoloilcal So- 
ot Fblladelpbla ; Fel- 



Essentials of Diseases of the Nose and Throat. 

By E. BALDWIN GLEASON, M.D., 



Sareeon In charge oC the Kose, Throat; and EarDepa 

Drspensary: Assistant In the Ear Department of t , , 

clmlcaiid College lor Graduates In Hedicloei Fellow ol the American 

AcadeJnyot Medicine ; Memt«ror the PolycllDlc, the Pathological, 

and the German Medical Sucletles, and oi the Northern Med- 



letles. I 
lol PI 



Tito toIs. In oae* oroirn Sro., 268 pages, profbselr lUnstrate^. 



Price, Clotb, SI.O». luterleared for Notes, •I.3S. 




UnioersUy Medical Mag. 
aziiu, Fhitadelphia, 

" Jackran aad 
flIsBson'B Eeaenlials of Dis- 
easesofthe Eye, Noas, and 
Throat. — Tbe eubjeote 
hare been handled with 



I all tt 



to the student to the busy practitioner and u ■ 
reading The authors are canable men and i 
what a student moat needs " 



Niw Ysrt mdieai Rec- 

^^JaoksoD and Qleason 
on Diseases of the Eye. 
Nose, and Throat. — A 
votuahle book to the be- 
ginner in these branches, 
adjunct to more thorough 
■■ eucce^ul teachers knon 



No. 15. 

ESSENTIALS 



OF 



DISEASES OF CHILDREN. 



BY 

WILLIAM M. POWELL, M.D., 

Attending Physician to the Mercer House for Invalid Women, at Atlantic 
City, N. J. ; Late Physician to the Clinic for the Diseases of Chil- 
dren in the Hospital of the University of Pennsylvania and 
' St. Clement's Hospital ; Instructor in Physical Diag- 
nosis in the Medical Department of the Uni' 
versity of Pennsylvania, and Chief of 
the Mediaal Clinic of the Phil- 
adelphia Polyclinic. 



CBOWN 8vo., 216 PAGES. 
Price, Cloth, $1.00 InterleaTed for Notes, $1.25. 



American Practitioner and News, Louisville, Ky., 

" Powell's Diseases of Children. — This work is gotten up in the 
clear and attractive style that characterizes the Saunders* Series. It 
contains in appropriate form the gist of all the best works in the de- 
partment to which it relates." 

SooTUERN Practitioner, Nashville, Tennessee, 

^'Dr. PowelPs little book is a marvel of condensation. Handsome 
binding, good paper, and clear type add to its attractiveness.'* 

Annals of Gynjbcolooy, Philadelphia, 

** Powell's Diseases of Children. — The book contains a series of im- 
portant questions and answers, which the student will find of great 
utility in the examination of children." 



Mo. 16. 

ESSENTIALS 

EXAIIMTIOI 01 TTEIIE. 



LAWRENCE WOLFF, M.D., 

ADtborof " Esaentiftlf of Medical ChemiBtrf," ei 



COLORED (VOGEL) URINE SCALE AND NUMEROUS 
ILLUSTRATIONS. 



Clown 8to. Frioe, Clotb, 75 Cento. 




of Ulustratlon^ 



Univbrbitt Medical Maoaxisb, 

JUDB, 1890. 

" Wolf's Biuniuation of tte 
UriDe. — A little work of decided 

Medical Rbcobd, New York, ' 
Angoat 33, 1890. 
"Wolff's Examlnatioii of 
Urine. — A good maDual for 
KtadeDtg, well writtsD, and 
answers, categorically, uiaiij- 
qiiRStiong beginners are sure 



Mehfbis MepiCAL MoNTHLT, Memphis, Tennessee, Jane, 1S90, 
"Wolff's Examination of Urine. — The liooh Is practioal in char- 
acter, comprehensive as is desirable, and a useful aid to tlie student 
in his studies." 



No. 17. 



ESSENTIALS OF DIAaNOSIS. 



• BY 

SOLOMON SOLIS COHEN, M.D., 

Prafesaor of Clinical Medicine and Applied Therapeutics in the 

Philadelphia Polyclinic, 

AND 

AUGUSTUS A. ESHNER, M.D., 
iDStrnotor in Clinical Medicine, Jefferson Medical College, Philadelphia. 

POST 8vo.; 382 PAGES. 

55 Illustrations, some of which are Colored, 

and a Frontispiece. 



Price, $1.50 net. 



Medical Record, New York. 

*' A good book for the student, properly written from their stand- 
point, and confines itself well to its text." 

Ameiucan Journal of Medical Sciences. 

'' Concise in the treatment of the subject, terse in expression of 
fact. . • . The work is reliable, and represents the accepted 
views of clinicians of to-day." 

International Medical Magazine. 

" The subjects are explained in a few well-selected words, and the 
required ground has been thoroughly gone over." 

Medical Review, St. Louis. 

<^ We can heartily recommend this work ; it is modem and com- 
plete, and will give more satisfaction than many other works which 
are perhaps too prolix as well as behind the times." 

37 



No. 18. 

ESSENTIALS 



OF 



PRACTICE OF PHARMACY. 

BY 

LUCIUS E. SAYRE, 

Professor of Pharmacy and Materia Medica in the University of Kansas. 

Crown 8vo., 171 pages. 
Price, Cloth, $1.00. Interleaved for Notes, $1.25. 



Albany Medical Annals, Albany, N. Y. 

" Sayre's Essentials of Pharmacy covers a great deal of ground iu 
small compass. The matter is well digested and arranged. The 
research questions are a valuable feature of the book." 

American Doctor, Richmond, Va. 

" Sayre's Essentials of Pharmacy. — This very valuable little manual 
rovers the ground in a most admirable manner. It contains practical 
pharmacy in a nutshell.'* 

National Drug Register, St. Louis, Mo. 

** Sayre's Essentials of Pharmacy. — The best quiz on pharmacy w« 
have yet examined." 

Western Drug Record, 

*' Sayre's Essentials of Pharmacy. — A book of only 180 pages, but 
pharmacy in a nut-shell. It is not a quiz-compend compiled to en- 
able a grocery clerk to * down' a board of pharmacy ; it is a finger- 
post guiding a student to a completer knowledge." 

;]8 



No. 20. 

ESSENTIALS of BACTERIOLOaY. 



CONCISE AND SYSTEMATIC INTRODUCTION TO THE STUDY 
OF MICRO-ORGANISMS. 



M. V. BALL, M.D., 

^aaiatant in Uioroscap;, Kiftgars UDivereit;, fiuffala, N. Y, ; Lats t^-oldeDt 
PbTaicUn Geriuaa Hospital, Philadelphio,, eto. 

Crown 8vo., 150 pages. 

77 UlustratioQS, some in Colors. 

PHee, Ctotti, $1.00. Interleaved for Notes, $1.36. 




of Illustriitlons. 
liladelphia, 

" Tho amount of inateria.1 condensed Id tbi« tittle book is so gTent, and eo 
■ocurikte are tbe formulio and metbods. that it will be found useful as a lalwr- 
atory hand-book." 

Pacific RECORn of HEniciNE and Sdhgerv, San Francucu, 

" Baotoriology is tba keynote of tntnre medicine, and BTerj physician wbo 
expects success must familiariie himself witb a knowledge of Germ-life — the 



No. 21. 

ESSENTIALS OF 



Nervous Diseases and Insanity, 

SYMPTOMS AND TREATMENT. 

By JOHN C. SHAW, M.D., 
ninlcat ProlesBor of Diseases ol the Miud and Nervous Sjntein, LonK Isliiid 
Colleee Hosuitsl Uedtoal School: Conaultine Neurologist to 
^ - -r --• ■• 'taf; Fnr 



Crown 8vo., 186 pages. 
18 Original lllnstrations. 



f:Price, Cloth, $1.00. 
Interleaved for Notes, $1.25. 



Boston Medical axp Suhoical 

JOURIJ&t:, 

"Clearly and intalllgently writ' 



"A TalDsble luldition to thi 
>f compenda. and one that ran 
to b« appreciated by all phyeici 



New York ftDd Philadelphia, 
" Dr. Shaw'a Primer is eioel 




Specimen ol niiistratloni. 



No. 23. 

ESSENTIALS OF PHYSICS. 



FEED. J. BROCKWAY, M.D, 

>t Fhyalcliins and Sur- 



Crown 870., 820 pages, 15S fine illustratioDs. 
Price, Cloth, $1.00 net. Interleaved for Notei, $1.25 net. 




Specimen ol Illustrations. 

American /Voc(i(ioner and News, Lonlsville, Ky. 

"Tliepabligher has again Bliown himself as fortunate In his editor 

as he ever baa been in the attractive st;le and make-ap of his com- 

MediceU BtKord, New York. 
"Contains all that one need know of the anbjeot, is tvell written, 
and Is copiously illnstrated." 

Medical Neins, Philadelphia. 
" The author haB deal t with the anhjeot in a manner that will mak^ 
th« theme not only comparatively easy, but also of interest." 



No. 33. 

Essentials of Medical Electricity. 



D. D. STEWART, M.D., 

Demonstrator ol Diseases o( tLe Neivous System sad Chief of the Keurologi 

cal Clliile in tlie Jefferson Medical College; Pliyaiclan to St. Mary's 

Hospital, and tu St. chrislophec's Hospital tor Ctaildren, etc. 



E. S. LAWRANGE, M.D., 

CWef at the Electrical Clinic and Assistant DeraonstraWir of D 
Nervous System ID tlie Jefferson Medical College, et 



Crvmi 8to., 148 pages, 65 illDStratioiiB. 
Price. Cloth, $1.00. Interleaved for Notes, $1.25. 

Ued. aiid Svrg. Joanml, 
Boston. 
" Clearly written, and 
affords a safe guide to 
the beginner in this sub- 
ject." 

Med. Record, New York. 
'•Tlie snbjeot is pre- 
flented in a lucid and 
pleasing manner." 

The Hospital, London, 

England. 
"A little work on an ' 
important subject, which 
will prora of great value 
to medical BtuiientB and 
trained nurses who wish 
to stud; the scientifio fia 
well as the practical 
pointa cf elBolriGil_y." 

specimen of lllii^trttlons. 




SECOND EDITION . 

HOW TO EXAMINE FOR LIFE INSURAf^GE. 

By JOHN M. KEATING, M.D., 

Medical Director Penn Mutual Life Insurance Co. ; Ex-President of the Association of Ltfc 

Insurance Medical Directors ; Consulting Physician for Diseases of Women at St 

Acnes' Hospital, Phila. ; Gynaecologist to St. Joseph's Hospital, etc. 

With two larg^e Phototsrpe Illastrations, and a Plate prepared by Dr. McClellaii 
from special Dissections; also, numerous cuts to elucidate the text. 

Price, in Olotli, 0@.OO. 

PART I. has been carefully prepared from the best works on physical diagnosis, 
and is a short and succinct account of the methods used to make examina- 
tions ; a description of the normal condition, and of the earliest evidences of 
disease. 

PART II. contains the instructions of twenty-four Life Insurance Companies to 
their medical examiners. 



PRESS NOTICES. 

'* This is the most practical manual on this subject that has yet been offered as 
a guide to the medical examiner for life insurance. The author has had a large 
experience as a medical director of one of the great life insurance companies, 
and it would, therefore, naturally be expected that he would deal with nothing 
!mt the useful and indispensable in a work of this kind. Every life insurance 
examiner should possess this book, even though he may be experienced in this 
work, for it contains much that is needful in the way of reference that cannot be 
found grouped elsewhere." — Buffalo Medical and Surgical Journal, 

" This unpretentious volume, from the pen of one of our most experienced and 
conservative life insurance medical directors, is just such a book as the young and 
inexperienced medical examiner needs. It is not a manual of Medical diagnosis, 
though founded upon the best works of that description. It contains those sug- 
gestive hints and recommendations that will be useful to the medical 'beginner 
and that can only be furnished by the man of experience." — The American 
Journal of the Medical Sciences. 

*< This is by far the most useful book which has yet appeared on insurance 
examination, a subject of growing interest and importance. Not the least valu- 
able portion of the volume is Part II., which consists of instructions issued to 
their examining physicians by twenty-four representative companies of this coun- 
try. As the proofs of these instructions were corrected by the directors of the 
companies, they form the latest instructions obtainable. If for these alone, the 
book should be at the right hand of every physician interested in this special 
branch of medical science." — The Medical News. 

"The volume is replete with information and suggestions, and is a valuable 
contribution to the literature of the medical department of life underwriters' work. 
— 7)5^ United States Review (Insurance Journal). 

" Naturally, in the prevailing scheme of medical education, special instruction 

in the peculiar duties of the insurance examiner can have no place. The young 

physician may be never so good a diagnostician or pathologist, and yet fail to give 

satisfaction as a medical examiner. The book before us fills this want" — The 

University Medical Magaiine, 
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TRANSACTIONS 



OP THB 



EIGHTH ANNUAL MEETING 



OF THE 



American Climatological Association, 

Held at "WasMngton, H). O., 

September 22, 28, 24, and 25, 1892. 

Forming a handsome 8vo. volume of 276 pages, 
uniform with the remainder of the series. 

BHce, $1.50. 



The following Contributions are included in the volume : — 

J. H. MUSSER, M.D., Whooping-cough, its Management 
and Treatment. 

G. M. GARLAND, M.D., Medical Treatment of Pleurisy. 
BEYERLEY ROBINSON, M D., Catarrhal Inaammations of 
Upper Air-tract. 

E. L. SHURLEY, M.D., The Sputum in Pulmonary Con- 

sumption. 

EDWARD 0. OTIS, M.D., Gymnastic Exercise in Chest 
Diseases. 

ALFRED L. LOOMIS, M.D., Histological Changes in Cured 
t^hthisis. 

S. A. FISK, M.D., Analysis of Cases of Phthisis. 

ROLAND G. CURTIN, M.D., and EDWARD W. WATSON, 
M.D., Epidemiology of Influenza. 

MAURICE H. RICHARDSON, M.D., Acute and Chronic 
Empyema. 

WALTER A. JAYNE, M.D., Diphtheria at a High Altitude. 

W. W. JOHNSTON, M.D., Chronic Diarrhoea. 

F. H. BOS WORTH, M.D., Lymphatism. 

Etc., Etc., Etc. 
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